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(54) Silacyclopentadiene derivatives and an organic electroluminescent element obtained by 
using the silacyclopentadiene derivative 



(57) An electroluminescence element (EL) obtained 
by using a silacyclopentadiene derivation expressed by 
the general formula (I) and the derivative are provided. 
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(wherein X and Y are independently hydrocarbon radi- 
cals with from 1 to 6 atoms and R, to R 4 are hydrogen, 
halogens, alkyl radicals with from 1 to 6 carbon atoms, 
or a condensed (un)substituted ring if being adjacent). 
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Description 

BACKGROUND OF THE INVENTION 

s The present invention relates to a silacyclopentadiene derivative. In more detail; the invention relates to a silacy- 

clopentadiene derivative and an electroluminescent (EL) element using said derivative. 

Recently, organic EL elements- haye been noticed as candidates for pialn displays having such a high luminance 
which has never been obtained, so that studies and developments thereof have been activated. The organic EL element 
has such a structure that an organic luminescent layer being sandwiched by two electrodes, andjt emits luminescence 

10 by cecombination of. holes injected from: an anode and electrons injected' from a cathode in a luminescent layer. The 
organic materials used for the said organic EL elements include low molecular weight materials and polymer materials, 
both of which ban make EL elements with high luminance. There are two types in such organic EL elements. One type 
is an element having a fluorescent dye doped; in an electron-transporting layer which has been published by C. W. Tang 
and et al (J. AppL Phys.), 65, 361 0 (1 989)), and the other type is an element having a fluorescent dye singly used 

« (such as an element described in Jpn, J. Appl. Phys., 27, L269 (1988)). In the latter element, it was shown that a 
luminous efficiency was improved in the case of a fluorescent dye being laminated with a hole-carrying layer for only 
carrying holes, which are one of electric charges, and/or with an electron-carrying layer for carrying only electron. 
Although many various materials such as triph ehy iamine derivatives are known as hole-transporting, rnaterials used 
f or organic EL elements, there are a few electron-transporting. Furthermore, the known electron -transporting materials 

20 have lower charge carrier transporting abilities than the known, hole-transporting materials such as N.N 1 -diphenyl-N, 
N' -diCS-methylphenylK.^ -diamindbipheriyl (TPD),;aridi in the case of being used for organic EL elements, ability thereof 
can not cause sufficient elemental characteristics, because of limitation by the used electron-transporting materials. 

As examples of such electron -transporting materials, metal complexes of oxine derivatives (Denshi Joho Tsushin 
Gakkai Gijutsu Kenkyu Hokoku,! 92(311), 43(1 992)-) and 2-(4-biphenylyi)-5-(4*tert-butylphenyl)-1 ,3,4-oxadiazole (PBD) 

25 etc' have been known, the lormer can operate organic EL'elements at a relatively low voltage, but insufficiently,. and 
ft is difficult to obtain blue luminance due to the own green luminance. As; examples of the latter used as electron- 
transporting layers, there have been organic EL elements described In the above-mentioned Jpn; J. Appl. Phys., 27, 
L269 (1988). It was, however, pointed out that stability of the thinfllm is- poor due to.a tendency of crystallization abbiit 
the said described organic EL elements, and then compounds having multiple oxadiazole rings have been developed 

30 (such, as those described in Nippon Kagakukai-shi, 11, 1540 (1991), Toku-Kai-Heil B-145658, Toku-Kai-Hei 6-92947,, 
. Toku-Kai-Hei 5-152072, Toku-Kai-Hei' 5-20201 1 { and. Tdku-Kai-Hel 6-1 36359 etc. ). They however have not: sufficient 
properties for practical uses such as high operative voltage; As an another compound type, quinoxaiine derivatives;, 
have been reported (Tbkif-Kat-Hei 6-207169). Although stabilities of the thin-films are improved by dlcnerizfeig quinbxa- 
line to increase thsfr molecular weights, they are irisiffflcient for practical uses because; of high operative voltage. 

35 -As character IsUca of the e^e^rbn^ransportfrig material* used for the said organic EL elements, superiority In eiec- 

• tronrcarryfirio; ability ft necessary first. 4 \ . i! ■ " 

Qn onei hand, there have been mentfoned those disciosed M Tbku*KafrHeil 7-179477 offlcfai gazette as recent 
reported examples of the sliacyclbpentadiene denVatfves, but they related to reactive fntermedialee wfthi inten€ofi of 
application to fc-electron confuigated type organic polymer*, not tojihe organic EL elements according] to ffrte inventfcrr. 

40 Fu rthermore, examples of copolymers wfth thiophene have been disclosed in Toku-KafrHei 6-t 66746 official gazette, 
but these compounds aire unsuitable as electron-transporting materials for organic EL elements because of long, ab- 
sorption vmvefength and luminous wavelength. 

Furthermore, there were examples of silane derivatives utilized for organic EL elements in Toku-Kai-Hei 6-325871 
official gazette, but those having silacyclopentadiene rings Were not shown amongst the disciosed organic silicone 

45 compounds therein, and also the said derivatives are low in eiectron-carryrig property, there being not described any 
usefulness as electron-transporting; materials. 

Furthermore, there were examples of silane derivatives utilized for organic EL elements in. Toku-Kai-Hei 5-343184, 
Toku-Toku-Kai-Hei 6-124784. Toku-Kai-Hei 6-234968, Toku-Kai-Hei 6-293778 and Toku-Kai-Hei 7-11244 official ga- 
zettes, but silacyclopentadiene rings were not included in the disciosed organic silane compounds therein, and also 

so there has not any description about an electron-transporting property and the practical use examples were only as 
interfacia! layers for improvement in adhesfvity between, hole-transporting materials or luminescent layers and anodes, 
so that there was no description as electron-transporting materials. 

The present inventors had studied zealously in order to solve these problems and to find organic EL elements with 
low voltage and high luminous efficiency. As a result, it was found that silacyclopentadiene derivatives to be used for 

55 organic EL elements can solve the above-mentioned problems to complete the present invention. 

As clear from the above description, an object of the invention is to provide organic EL elements by which high 
luminant emission can be obtained at low voltage. 
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SUMMARY OF THE INVENTION 



The present invention has the constitution of the following items (1), (2), (3), (4), (5). (6), (7), (8), (9), (10), (11) 
(12), (13), (14), (15), (16) and (17). 

(1) A silacyclopentadiene derivative expressed by the following formula I 




(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 6 
carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals or 
substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or unsatu- 
rated ring, and from R, to R 4 denote independently each other hydrogen, halogens, substituted or unsubstituted alkyl 
radicals with from 1 to 6 carbon atoms, alkoxy radicals, aryloxy radicals, perfluoroalkyl radicals, perfluoroaikoxy radicals, 
amino radical, alkylcarbonyl radicals, arylcarbonyl radicals, alkoxycarbonyl radicals, aryloxycarbonyl radicals, azo rad- 
ical, alkylcarbonyloxy radicals, arylcarbonyloxy radicals, alkoxycarbonyloxy radicals, aryloxycarbonyloxy radicals, sulfi- 
nyl radical, suffonyl radical, sulfanil radical, silyl radical, carbamoyl radical, aryl radicals, heterocyclic radicals, alkenyl 
radicals, alkynyl radicals, nitro radical, formyl radical, nitroso radical, formyloxy radical, isocyano radical, cyanate rad- 
ical, isocyanate radical, thiocyanate radical, isothbcyanate radical or cyano radical, or they may form a structure of a 
substituted or unsubstituted condensed ring if they are adjacent, with the proviso that in the case of R 1 and R4 being 
phenyl radicals, X and Y are not alkyl radicals and phenyl radicasls; in the case of 1^ and F^ being thienyl radicals, X 
and Y are not monovalent hydrocarbons simultaneous^ and R 2 and R 3 are not alkyl radicals, aryl radicals or alkenyl 
radicals or R 2 and R 3 are not aliphatic radicals to form a ring simultaneously; in the case of R 1 and R 4 being silyl 
radicals, R 2> R 3 , Xand Y are independent each other and are not monovalent hydrocarbon radicals with from 1 to 6 
carbon atoms or hydrogen atom; and in the case of R., and R 2 being condensed to form a benzene ring, X and Y are 
not alkyl radicals and phenyl radicals). 

(2) A silacyclopentadiene derivative expressed by the following formula II 




(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 6 
carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals or 
substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or unsatu- 
rated ring, and from R 5 to R e denote independently each other hydrogen, fluorine, chlorine, substituted or unsubstituted 
alkyl radicals with from 1 to 6 carbon atoms, alkoxy radicals, perfluoroalkyl radicals, perfluoroaikoxy radicals, dialkylami- 
no radicals, diarylamino radicals, silyj radical, aryl radicals, heterocyclic radicals or cyano radical, or they may form a 
structure of a substituted or unsubstituted condensed ring if they are adjacent, with the proviso that in the case of Rg 
and R 8 being phenyl radicals, X and Y are not alkyl radicals and phenyl radicasls; in the case of Rg and R B being thienyl 
radicals, X and Y are not monovalent hydrocarbons simultaneousy, and R 6 and R 7 are not alkyl radicals, aryl radicals 
or alkenyl radicals or R 6 and R 7 are not aliphatic radicals to form a ring simultaneously; in the case of R5 and R 8 being 
silyl radicals, Re, Ry, X and Y are independent each other and are not monovalent hydrocarbon radicals with from 1 
to 6 carbon atoms or hydrogen atom; and in the case of Rg and being condensed to form a benzene ring, X and Y 
are not alkyl radicaJs and phenyl radicals and halogens). 

(3) A silacyclopentadiene derivative expressed by the following formula 111 



3 



<EP 0754691 A2_l_> 



EP 0 754 691 A2 



.25 



30 



45 



BO 




10 , (wherein, Z and W denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 6 
carbon atoms, substituted or unsubstituted -aryli radicals or substituted or unsubstituted heterocycles, or 2 and W are 
bonded together to form a structure of a saturated or unsaturated ring, and from Rg to R 12 . denote independently each 
other substituted or unsubstituted alkyl radicais with from-1 to 6- carborii atoms, perfluoroalkyli radicals, diarylamino 
radicals, silyl radical, aryl radicais or heterocyclic radicals, or they may form a structure of- a substituted or unsubstituted 

15 condensed! ringf if they are adjacent, with the proviso that in the case of Rg and R 12 being phenyl! radicals, 2 and W are 
not alkyli radicals and phenyl .radicasls; in the case of Rg and R 12 being thieny I radicals, 2 andi W are not monovalent 
hydrocarbons simultaneousy, and R 10 and R 1t are .not alkyl radicals or ah/I radicals or R 10 andi R^ t are riot aliphatic 
radicais to form a ring simultaneously; in the case of Rg and R ia being silyl radicals, Hj^ R t1 , 2 and W are independent 
each other and are not monovalent hydrocarbon radicals' with from 1 to 6 carbon atoms or hydrogen atom; and in, the 

20 case of Rg and R 10 being condensed to form a benzene ring, Z and W are not: alky! radicals and phenyl radicals)., 
(4) A silacyclopentadiene derivative expressed 2 by the following formula- IV 




(TV) 



(wherein, A denotes a zinc halide of a zinc nalide complex,, X and Y denote independently each other saturated or 
unsaturated hydrocarbon radicals wfth f rom 1 |o 6 carbon atoms, alkoxy radicals, alkenylbxy radicais, aikynyloxy rad- 
icals, substitutedi or unsubstituted aryf radicals or substituted! or unsubstituted heterocycles, or X and Y are bonded 
. together to, form a structure, of a saturated br.unsaturated rtngi and Rt and: R 2 denote iridependently each other hydro- 

36 gen , hafogens* substituted or unsubstituted alfcyl. radical* with from 1 to 6 caraon atoms, aifcoxy radfcaJs, any foxy rad^. 
- tcafs,, .perHwacoalkyf radicals,, peMuofoalfcoxy radicate, amino radical aikyfearbonyf radicals* aryfcffltaonyt raolcaia/ 
aiko^carbonyi radicais, aiyibxycarbonyl radicals, azo radical aJkyicanbonyfoxy radicals, aryicaitDonyioxy radicals, 
a\kaxyewbm radicals, ap^oxyca^bon^ox^ radicals, aikoxy^ak>ortyib)^^ radicate, arytoxycarbonyioxy: radicais; 
aulfinyf radial, sulfonyf radical «u If an II radical, silyl* radical, carbamoyl) radical aryf radicals, heterocyclic radicals, 

40 alkenyl radicals, alkynyl radicais, nitro radical; formyf radrcai,, nftroso radical, formyfoxy radical,: ispcyano< radical 1 , cy- 
anate radical, isocyanate radical, thfooyanate radical; fsothtocyanate radical or cyanb radteai; or a structure of a sub- 
stituted or unsubstituted condensed ring): 

(5) A silacyclopentadiene derivative expressed by tha following formula (V) 




(V) 



(wherein, A denotes a zinc halide or a zinc halide complex, X arid Y denote independently each other saturated or 
unsaturated hydrocarbon radicals with from I to 6 carbon atoms, alkoxy radicals, alkenyioxy radicals, alkyriyfoxy rad- 
S5. icafe,,. substituted or unsubstituted aryl radicals or substituted! or unsubstituted heterocycles, or X and Y are bonded 
together: to form a structure of a saturated or unsaturated ring and R3 and R4 denote independently each other hydrogen, 
fluorine, chlorine, substituted or unsubstituted alkyl radicals with from t to 6 carbon atoms, alkoxy radicals, perfluoro- 
alkyli radicals, perfluoroaikoxy radicals, diaDcylamino radicals, diarylamino radicals, silyf radical aryl radicais, hetero- 
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cyclic radicals or cyano radical, or they may form a structure of a substituted or unsubstituted condensed ring). 
(6) A silacyclopentadiene derivative expressed by the following formula VI 




(VI) 



10 

(wherein, A denotes a zinc halide or a zinc halide complex, X and Y denote independently each other saturated or 
unsaturated hydrocarbon radicals with from 1 to 6 carbon atoms, substituted or unsubstituted aryl radicals or substituted 
or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or unsaturated ring, 
is and from R 5 and R 6 denote .independently each other substituted or unsubstituted alkyl radicals with from 1 to 6 carbon 
atoms, perfluoroalkyl radicals, diarylamtno radicals, silyl radical, aryl radicals or heterocyclic radicals, or they may form 
a structure of substituted or unsubstituted condensed ring). 

(7) A process for preparing a silacyclopentadiene derivative according to the above-mentioned item 4, character- 
ized in that an acetylene derivative expressed by the following formula VII 

20 




• (vn) 



(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 6 
30 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals or 
substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or unsatu- 
rated ring, and and R 2 denote independently each other hydrogen, halogens, substituted or unsubstituted alkyl 
radicals with from 1 to 6 carbon atoms, alkoxy radicals, aryloxy radicals, perfluoroalkyl radicals, perfluoroalkoxy radicals, 
amino radical, alkylcarbonyl radicals, arylcarbonyl radicals, alkoxycarbonyl radicals, aryloxycarbonyl radicals, azo rad- 
35 ical, alkylcarbonyloxy radicals, arylcarbonyloxy radicals, alkoxycarbonyloxy radicals, aryloxycarbonyloxy radicals, sulfi- 
nyl radical, sulfonyl radical, sulfanil radical, silyl radical, carbamoyl radical, aryl radicals, heterocyclic radicals, alkenyl 
radicals, alkynyl radicals, nitro radical, formyl radical, nitroso radical, formyloxy radical, isocyano radical, cyanate rad- 
ical, isocyanate radical, thiocyanate radical, isothiocyanate radical, cyano radical, or a structure of a substituted or 
unsubstituted condensed ring) 
40 is reacted with an alkali metal complex, then with a silane derivative expressed by the following formula VIII: 

z ^y cl (vm) 

45 X ' 



(wherein, X, Y and Z denote independently tertiary butyl radicals or aryl radicals), and thereafter with zinc chloride or 
a zinc chloride complex. 

(8) A process for preparing a silacyclopentadiene derivative according to the above-mentioned item 5, character- 
ized in that an acetylene derivative expressed by the following formula IX: 



55 



5 
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(DO 



(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 6 
10 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or. un substituted: aryl radicals or 
substituted or unsubstrtuted heterocycles, or X and Y are bonded together to form a structure of a saturated or unsatu- 
rated ring, and R 3 and R4 denote independently each other -hydrogen, fluorine, chlorine, substituted or unsubstituted 
alkyl radioale with from 1 to 6 carbon atoms, alkoxy radioals, perfluoroalkyl radicals, perfluoroalkoxy radicais, dialkylami- 
rio radicals, diarylamino radicals, sily! radical, aryii radicals, heterocyclic radicals, cyano radical or a structure of a 
is substituted or unsubstituted condensed ring) 

is reacted with an alkali metal complex, then with a siiane derivative expressed by the followingi formula X: 



2S (wherein, X, Y and Z denote independently tertiary butyl radicals or aryl radicals), and thereafter furthermore with zinc 
chloride or a zinc chloride complex. 

(9) A process for preparing, a silacyclopentadierie derivative according to the above-mentioned item 6, character- 
ized' in that an acetylene derivative expressed by the following formula XI: 



30 



4$. 



so 




(wherein, A denotes a zinc halide or a zinc hailtfe cornpiax,, X and Y denote independently each other saturated or 
-unsaturated hydrocarbon radicals with f rom 1 to 6 carbon atoms, 'substituted or unsubstituted aryf radicals orsubstituted 
to or unsubstituted heterooyclesi or X and Y are. bonded together to fonri a structure of a saturated or unsaturated ring; 
and from: Rg and R 6 denote, independently each other subet&uted; or unsubstituted! alkyi radicals with from 1 to 6 carbon 
atoms, perfluoroalkyl radicals, diaryiaminb radicals, silyi radical, aryl radicals or heterocyclfc radicals, or they may fornri 
a structure of a substituted or unsubstrtuted: condensed ring) is reacted! with an alkali metal complex,, then with a siiane 
derivative expressed by the* following formula X: . 



z ci 



(wherein, X, Y and 2 denote independently tertiary, butyi radicals or aryl radicals), and thereafter furthermore with zinc 
chloride or a zinc chloride complex. 

(10) A process for preparing a si lacyclopentadiene derivative, characterized in that a silacyclopentadiene derivative 
55 1 according to the above-mentioned item 7 is reacted with a halide expressed by the following formula (XII): 

• ' LX (XII) 
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(wherein, X represents chlorine, bromine or iodine, and L denotes a halogen, a saturated or unsaturated hydrocarbon 
radical with from 1 to 6 carbon atoms, a perfluoroalkyl radical, an alkylcarbonyl radical, an aryicarbonyl radical, an 
alkoxycarbonyl radical, an aryloxy carbonyl radical, asulfinyl radical, a sulfonyl radical, a sulfanil radical, a silyl radical; 
an aryl radical, a heterocyclic radical, an alkenyl radical or an alkynyl radical). 
5 (1 1 ) A process tor preparing a silacyclopentadiene derivative, characterized in that a silacyclopentadiene derivative 

according to the above-mentioned item 8 is reacted with a halide 
expressed by the following formula XIII: 

MX (XIII) 



(wherein, X represents chlorine, bromine or iodine, and M denotes fluorine, chlorine, a saturated or unsaturated hy- 
drocarbon radical with from 1 to 6 carbon atoms, a perfluoroalkyl radical, a silyl radical, an aryl radical or a heterocyclic 
radical). 

is (1 2) A process for preparing a silacyclopentadiene derivative, characterized in that a silacyclopentadiene derivative 

according to the above-mentioned item 9 is reacted with a halide expressed by the following formula XIV: 

NX (XIV) 

20 

(wherein, X represents chlorine, bromine or iodine, and N denotes a saturated or unsaturated hydrocarbon radical with 
from 1 to 6 carbon atoms, a perfluoroalkyl radical, a silyl radical, an ary! radical or a heterocyclic radical). 

(13) An electroluminescent element obtained by using a silacyclopentadiene derivative expressed by the formula 

XV 

25 



30 




- (XV) 



(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 6 
35 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, hydroxy radical, substituted or unsubstituted 
aryl radicals, or substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a 
saturated or unsaturated ring, and from R, to R4 denote independently each other hydrogen, halogens, substituted or 
unsubstituted alkyl radicals with from 1 to 6 carbon atoms, alkoxy radicals, aryloxy radicals, perfluoroalkyl radicals, 
perfluoroalkoxy radicals, amino radical, alkylcarbonyl radicals, aryicarbonyl radicals, alkoxycarbonyl radicals, aryloxy- 
40 carbonyl radicals, azo radical, alkylcarbonyloxy radicals, arylcarbonyloxy radicals, alkoxycarbonyloxy radicals, aryloxy- 
carbonyloxy radicals, sulfinyl radical, sulfonyl radical, sulfanil radical, silyl radical, carbamoyl radical, aryl radicals, 
hetrocyclic radicals, alkenyl radicals, alkynyl radicals, nitro radical, formyl radical, nitroso radical, formyloxy radical, 
isocyano radical, cyanate radical, isocyanate radical, thiocyanate radical, isothiocyanate radical or cyano radical or 
substituted or unsubstituted condensed rings in the case of being adjacent). 
45 (14) An electroluminescent element characterized in that at least one silacyclopentadiene derivative according to 

the above-mentioned item 1 3 is used as a component of an electron-transporting layer. 

(15) An electroluminescent element characterized in that at least one silacyclopentadiene derivative according to 
the above-mentioned item 1 3 is used as a component of a luminescent layer. 

(16) An electroluminescent element characterized in that at least one silacyclopentadiene derivative according to 
50 the above-mentioned item 1 3 is used as a component of a hole-obstructing layer. 

(1 7) An electroluminescent element characterized in that a silacyclopentadiene derivative expressed by the formula 

XVI 



55 



7 
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15 




XVI 



(wherein, X and-Y denote independently each other saturated or unsaturated hydrocarbon radicals- with from 1 to 6 
carbon atoms, alkoxy radicate, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstftut ad aryl radicals, or 
substituted or unsubsfitutedheterocyoles, and from R, to R4 denote independently each other hydrogen, halogens, 
substituted or unsubsfituted alky i radicals with from i; to 6 carbon atoms, alkoxy radicals, perfluoroalkyl radicals, per- 
fluoroalkoxy radicals, amino radical, alky icarbony I radicals, al koxycarbony I radicals, formyi radical, nitroso radical, az6 
radicall alkylcarbonyloxy radicals, alkoxycarbonyloxy radicals, formyloxy radicals, sulftriyl radical, sulfonyl radical, sul- 
f anil, radical, silyl radical 1 , isocyano radical, carbamoyl' radical, cyanate radical, isocyanate radical, thiocyanate radical, 
isothiocyanate radical aryl radicals, alkeny I radicals, alkynyl radicals or cyano radical or substituted or unsubstituted 
20 condensed' rings in the case of being adjacent) is used! as a component of a hole«?bstructing layer. 

DETAILED DESCRIPTION OF THE INVENTION 

- Si lacyclopentadierie derivatives according to the invention-can be obtained for example by the following preparation 

25 method. That Is, the acetylene derivative expressed: by the above-mentioned Formula VII is reacted with an alkali metal 
complex, then treated with the silane derivative expressed by the above-mentioned Formula VII I ,. and thereafter reacted 
with zinc chloride or a zinc chloride complex, to obtain the reactive sllacyclopentadiene derivative expressed by the 
above-mentioned Formula I V. As the.substituents for the acetylene derivatives to be used, those difficulty obstructing 
the reaction of the alkali; metal complex and acetylene are suitable, and those being inert to the alkali metal complex 

so are more preferable. As alkali metal complexes, there may be mentioned lithium naphtha! enide, sodium naphthalan ide, 
potassium naphthalenide, lithium 4,4' -ditertiary-butyj^' -biphenylide Or lithium (M,N-dimethylamino) naphthal enide 
etc. As solvents tot* used; there is not any part leu lar limitation if they are inert to aikaiii metals or alkali metal complexes, 
and ether type solvents such as diethyl ether or tetrahydrofuran etc. am generally preferable. As substituents for the 
sfiane derivatives to^be used then* tftay are preferably bulky one; ami teitiaiy^ulyi diphenyl cfi forosilane or dftertfary- 

96 phenyl cffloraatlane may be) mentioned as> exarr^les thereof. % addfapthe said! #iane.de<lvative, tftesubssquedt 

reaction may be poastoCy proceeded smoothly, so tftai k\Bcydiope^me^ dertmtv* acxxwftflng to the inventioYt^an 
be obtalhed vfciitfo^ ./ : * . 

_ \ <Ae zkio chlbridle or 2*10 chlodde complexes, solid zfac Mom&^Um^ an efiher soiiitfani of zinc chloride^ te* 
tramethyfathytenedlam complex of zinc chloride etc. may be mentioned. These zinc chloride* are preferably dried 

40 sufficiently, and If moisture feeing much,, it is difflouit to obtain the object^e subs^nce. It is preferable to carry out this 
reaction in an Inert gas flqw, and argon gas etc. may bemused as the safd inert gad. But, after addition of the silane 
derivative, there ismot any problem even under a nitrogen afrnosphefe. ' * - ^ 

The eilacycldpentadiene derivatrve according to the invention cam be obtained. by reacting the obtained reactive : 
siiacycldpentadiene derivative with the halide. expressed by the above-mentioned Formula XII in the presence of a 

AS catalyst. As catafysts used herein; there may be mentioned' palladium catalysts such as tef rakistripheny Iphosphin e 
palladium or dichlorbbistrlpheny4phosphine palladium etc. in .each steps of the subsequent reactions, there istiot any 
particular iimitatiion^as ^ to^the^eactidn temperatures r but it is preferably below-the room temperature, generally below 
.0°C, for adding and stirring the silane derivative and zinc chloride etc. The reaction) temperature after addition of the 
halide. it is preferably above the room temperature, -general^ under reflux in the case of tetrahydrofuran being used 

so as the solvent. Them is not any particular limitation as to the reaction time, and It is desirably from, several minutes to 
several hours in the case of adding and stirring the alkali metal: complex, the silane derivative and zinc chloride etc. 
Reactions after addition of the halide may be monitored by general analytical methods such as NMR or chromatography 
etc. to determine the ends of the reactions. 

In the case that a benzene ring being condensed with a sHacyciopentadiene ring in the formula according to the 

ss invention, a method which is different from the above-mentioned preparation method is used There is not any particular 
limitation as to the method if it being known, and: there may be mentioned the following method. That is, the silacy- 
ciopentadiene derivative according to the invention can be obtained; by re-acting an alkali metal, an alkali earth metal 
or an alkali metal' complex to a 2.2 1 -dihalogenobiphenyl derivative expressed! by the foftowing; Formula XVII: 



8 
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R5R4 



. R 3 



R- 




R«' 



x 



X 



■R 2 



cxvn) 



(wherein, X expressed chlorine, bromine or iodine, and from Bj to R 8 are saturated or unsaturated hydrocarbon radicals 
with from 1" to 6 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals; fluorine, hydrogen, substituted 
or unsubstituted aryl radicals, substituted or unsubstituted heterocycles, cyano radical or structures of saturated or 
unsaturated rings it being adjacent), 

and reacting thereto a dichlorosilane derivative expressed by the following Formula XVI 1 1: 



(wherein, X and Y are independently each other saturated.or unsaturated hydrocarbon radicals with from 1 to 6 carbon 
atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals, or substituted 
or unsubstituted heterocycles, or X and Y are bonded together to form a structure of saturated or unsaturated ring). 
As metals used herein, there may be mentioned lithium, magnesium, sodium or potassium etc., and as metal com- 
plexes, there may be mentioned normal-butyl lithium or phenyl lithium etc. As substituents for 2,2' -dihalogenobiphenyl 
derivatives expressed by the above-mentioned Formula XVI, there is not any particular limitation if it being inert to 
alkali metals, alkali earth metals or alkali metal complexes under the reaction conditions. 

There is not any particular limitation as to the reaction temperature when alkali metals, alkali earth metals or alkali 
metal complexes being reacted. But, when highly reactive substituents such as cyano radical being present, low tem- 
perature is preferable and generally below -70°C. As reaction solvents to be used, there is not any particular limitation 
if being inert to alkali metals, alkali earth metals or alkali metal complexes. 

As substituents bonded to silicons of the thus obtained silacyclopentadiene derivatives according to the invention, 
there may be mentioned alkyl radicals such as methyl radical, ethyl radical, normal-propyl radical, isopropyl radical, 
cyclopentyl radical or tertiary-butyl radical; alkenyl radicals such as vinyl radical, allyl radical, butenyl radical or styryl 
radical; alkynyl radicals such as ethynyl radical, propargyl radical or phenylacetyny) radical; alkoxy radicals such as 
methoxy radical, ethoxy radical, isopropoxy radical or tertiary-butoxy radical; alkenyloxy radicals such as vinyloxy rad- 
ical or allyloxy radical; alkynyloxy radicals such as ethynyloxy radical or phenylacetyloxy radical; aryl radicals such as 
phenyl radical, naphthyl radical, anthracenyl radical, biphenyl radical, toluy! radical, pyrenyl radical, perylenyl radical, 
anisyl radical, terphenyl radical or phenanthrenyl radical; heterocycles such as hydrofuryl radical, hydropyrenyl radical, 
dioxanyl radical, thienyl radical, furyl radical, oxazolyl radical, oxadiazolyl radical, thiazolyl radical, thiadiazolyl radical, 
acrydinyl radical, qutnolyl radical, quinoxaloyl radical, phenanthrolyl radical, benzothienyl radical, benzothiazolyl radi- 
cal, indolyl radical, silacyclopentadienyl radical or pyridyl radical etc. 

Furthermore, these substituents may be bonded at optional sites each other to form a ring. As substituents bonded 
to carbon atoms of silacyclopentadiene ring, there may be mentioned hydrogen; halogens such as fluorine or chlorine; 
alkyl radicals such as methyl radical, ethyl radical, normal-propyl radical, isopropyl radical, cyclopentyl radical or tertiary- 
butyl radical; alkenyl radicals such as vinyl radical, allyl radical, butenyl radical or styryl radical; alkynyl radicals such 
as ethynyl radical, propargyl radical or phenylacetynyl radical; alkoxy radicals such as methoxy radical, ethoxy radical, 
isopropoxy radical or tertiary-butoxy radical; alkenyloxy radicals such as vinyloxy radical or allyloxy radical; alkynyloxy 
radicals such as ethynyloxy radical or phenylacetyloxy radical; aryloxy radicals such as phenoxy radical, naphthoxy 
radical, biphenyloxy or pyrenyloxy radical; perfluoro radicals such as trifiuoromethyl radical, trifluoromethoxy radical 
or pentafluoroethoxy radical; amino radicals such as dimethylamino radical, diethylamino radical or diphenylamino 
radical; ketone radicals such as acetyl radical or. benzoyl radical; ester radicals such as acetoxy radical or benzoyloxy 
radical; ester radicals such as methoxycarbonyl radical, ethoxycarbonyl radical or phenoxycarbonyl radical; sulfinyl 
radicals such as methylsulfinyl radical or phenylsulfinyi radical; silyl radicals such as trimethylsilyl radical, dimethylter- 
tiary-butylsilyl radical, trimethoxysilyl radical ortriphenylsilyl radical; aryl radicals such as phenyl radical, biphenyl rad- 
• ical, terphenyl radical, naphthyl radical, anthracenyl radical, pyrenyl radical, toluyl radical, anisyl radical, fluorophenyl 
radical, diphenylaminophenyl radical, dimethylaminophenyl radical, diethylaminophenyl radical or phenanthrenyl rad- 
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ical; heterocycles such as thienyl radical, furyl radical, silacyclbpentadienyl radical, oxazolyl radical, oxadiazolyl radical, 
thiazolyl radical, thiadiazolyl; radical, acrydinyl radical, quinolyi radical, quinoxaloyl radical, phenanthrolyl radical, ben- 
zothienyl radical, benzothiazolyl radical,, indoiyl radical, carbazolyl radical, pyridyl radical, pyrolyl radical, benzoxazolyl 
radical, pyrirnidyl radical or imidazoiyl radical etc.; nitro radical; formyl radical; nitroso radical, forrnyloxy radical; iso- 

s cyano radical; cyanate radical; isocyanate radical; thiocyanate radical; isothibcyanate radical of cyano radical etc. 
Furthermore, these substltuents may be bonded' at optional sites each other, to form a ring. Methods for Introducing 
these substltuents may be introduction, before forming of silacyclopentadiene ring,, or may be introduction after.f orming 
of silacyclopentadiene ririg. Silacyclopentadiene derivatives according to the invention are effective as electron-carry- 
ing! materials for organic EL elements, and it is found by means of an ab-initio calculation that silacyclopentadiene ring 

10 has at lowest unoccupied molecular orbitali and has a more . receptive structure for electrons than -corresponding cy- 
clopentadiene ring, thiophene ring, pyrrole ring or furan ring. This is considered to be caused by interaction between. 
7c* orbit Of diene part and a * orbit of silicon,, but it cannot be decided hastily whether they are superior as electron- 
carryihg. materials for organic EL elements or hot only by such reasons. The structure of silacyclopentadiene ring may 
be considered to effect electron -carrying property. Furthermore, the formulas according to the invention are superior 

is as electron-carrying materials for organic EL elements to the organic silane formulas disclosed in Toku-Kai-Hei 
6-325871 official gazette, that is, introduction of silacyclopentadiene ring may be considered to effect much. 

As examples of silacyclopentadiene derivatives used in the above rtern (13) to (17), the following formulas may 
be mentioned: ■ ; . 

20 •' l.l-dimethyl-^S^.S-tetraphenylsilacyclopentadiene, 
1 , 1 ^iethy!-2,3,4,5-tetrakis(2-m^ 
1,.1-dfisopropyl-2A4,5-tetra^ 
1^ethyl-1-methyl-2,3,4,5-tetra^ 

1 > 1-ditertiary-butyl-2,3 l 4,'5-tetrakis(2-ethylphenyl)silacydoperitadiene ) ^ 
& . l.l-diphenyl^.S^.S-tetrakisfSrethylphehyO.silacyclopentadiene, : : . . . . . 

1 rmethy 1-1 -phenyl^.a.^S-tetrakis^-ethy Iph enyl)silacyclopentadiene, 
..1-phenyl-1-tertiary-butyl-2A4,5-tetmkis(3-tert 

1 ,1-dimethyl-2,5-bis(3-methy^ - .. 

. 1J<ll(44of^ , 
30 .1 -siiacyclohexane-1 -spiiio-2 l ,5 , -<li{2-t>ipheny1i)-3 , ,4 , <liphenyI-1 '-silacyclopentadiene, 
1 -silacyclopentane^^ 

Q-silafluorene-Q-spiro^ ,5' -di^-biprYenylihS'^' -cfipheinyl-r-silacycldpentadiene, 
> 1 tt 1-dimethyJ^5^bl8(2-trffluorcfnethy4phe 

^4^frnet^ V <• - ■ ■ • a : v. . x 

35 1,2-litf^ST^ • - : - <-•• 

\ tj-£fcnetf^^^ v , s , - « . 

- 1,1L<lim^^ 
1,1Ktimeit^ 
40 - 1 .1 ^imeth^2^ 

t,1.-dirhe^ " ; - - - 

1 , 1 ^imetiy1-2 l 5-bis{3-(5H^ethoxy-2^enzothiazolyl)pheny 
1 , 1 -dimethyi-2,5-di(1 -naphthyl)-3,4-dipheny Isilacyclopentadtene,, 
45 1 , 1 -dimethyl -2,5-di(2<methyMi -naphthyl)-3,4-dipheny isllacyolopentadiene, ■ 

:1 I 1-dimethoxy-2,5-di(2-naphthyl)-3,4-dipheny1silacyc 

1 r 1-dimethy^^ /. 
1,1 dimethyl -2,5^^ 
. 1/1 -dimethyi-2^ 

so . 1,ii<Jimethyl-2 l 5-bis(g-meth^ . . 

. 1,t<iimethyl-2 l 5<Ji(2-benzothiazolyl)-3 i 4-diphenylsil^ . . 

,1J^ime4hyl:-2,5Kli(24>enzoxazoly 
1 . 1 <fimethy^2,54Di8(5-methyi^^^ 
. 1,:l-dimethyl-2,5-bis(5-phe^^ 
ss 1,1-cflmethyi-2,5-di(3-be^ 
,1i,1^imethyl-2,5-bis^ 
1,1<imelhy!-2,54)^^ 

1 , 1^im8thy1-2,5-bia(2,3 t 4 f 5 l 6-pentafluorophe^ 
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5,5' -dibromo-1,1 ,V ,V -tetraethyl-3,3* ,4,4' -tetraphenyi-2,2* -bisilol, 
5,5' -dimethyl-1 ,1,1' , ,1' -tetraethyl-3,3' ,4,4' -tetraphenyl-2,2' -bisilol, 

5,5"' ^^0010-1.1.1' .1MMM"', 1"'-octaethy 1-3,3' ,3 n ,3" .4,4' ,4° ,4" -octaphenyl-2,2' :5' ,2" :5 M ,2"-quartersilol, 
9,9' -silaspirobifluorene, 
. 9,9-dipheny!-9-silafluorene } 
9,9-dinaphthyl-9-silafluorene, 

compounds expressed by Formula XIX (TTSTT) 



w 



15 




(XDQ 



20 



compounds expressed by Formula XX. 



25 



30 




•• (XX) 



35 Furthermore, these silacyclopentadiene derivatives are usetul as luminescent materials tor EL elements, since 

they fluoresce strongly by theirselves. For example, 1,1-dimethyl-2,5-bis(3-fluorophenyl)-3,4-diphenyl silacyclopenta- 
diene fluoresces blue, 1,l-dimethyl-2,5-bis(3-methylphenyl)-3,4-diphenyl silacyclopentadiene fluoresces green, and 
TTSTT fluoresces red. 

Although the constitutions of EL elements according to the invention can take various embodiments, their basic 
40 constitutions are to sandwich silacyclopentadiene derivatives between one pair of electrodes (anode and cathode), 
and if required, hole-transporting materials, luminescent materials and electron -transporting materials may be added 
or laminated as another layers. For example, there may be mentioned anode/silacyclopentadiene derivative layer/ 
cathode, anode/hole-transporting layer/silacyclopentadiene derivative layer/cathode, anode/hole-transporting layer/ 
luminescent layer/silacyclopentadiene derivative layer/cathode, anode/hole-transporting material + luminescent ma- 
45 terial + silacyclopentadiene derivative layer/cathode. 

In this case, the layer which fluoresces is a hole -trans porting layer or silacyclopentadiene derivative layer. As 
silacyclopentadiene derivatives which have effects of hole- obstruction, those with short luminescent wavelength may 
be particularly mentioned. For example, 9, 9* -silaspirobifluorene is mentioned. 

In elements obtained by using the said 9,9' -silaspirobifluorene as an hole-obstruction layer, TPD as a hole-trans- 
50 porting layer, and 8-hydroxyquinoline aluminium (Alq) as an electron -trans porting layer, their luminescences may be 
seen as violet derived from luminescence ofTPD and always very superior hole-obstructive ability is obtained. 

Although there are elements in which TPD being fluorescent element obtained by using triazole derivatives by 
Kido (Science, 267, 1 332 (1 995)), they are incomplete. Furthermore, silacyclopentadiene derivative layers to be used 
according to the invention can be used as fluorescent layers or electron-transporting luminescent layers in special 
55 embodiments. As the constitution of the elements in this case, there may be mentioned anode/hole-transporting layer/ 
(silacyclopentadiene derivative + electron-transporting material) layer/cathod etc. 

The elements according to the invention are preferably supported on substrates, and there is no limitation as to 
the substrates, thus those conventionally used in EL elements may be used, such as those consisting of glass, trans- 
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parent plastics, electric conductive polymer materials or quartz etc. 

Respective layers used in the invention may be formed by filming for example by means of known vacuum evap- 
oration method or coating method etc. The layers in which the said! silacyclopentadiene derivatives being used are 
useful industrially, since stability in film state is' high without any particular binder such as resins and thus filming and 
s forming may be carried out by means of vacuum evaporation methodi etc. 

There Is no particular limitation as to the thickness of thin film in the respective layer thus formed, and -so the 
thickness may be selected properly according to conditions, but generally selected within arange of from 2 nm to 5000 
nm, . - - ■ - '. , . .*■..;-.. 

As the anodes in EL elements according to the invention, those containing metals, alloys, electric conductive 
10 compounds and their mixtures with high (more than 4 eV) work function as materials for electrode are preferably used. 
As examples of such materials for electrode, there may be mentioned metals such as Au, as well as dielectric trans- 
parent materials such as Cul, ITO, Sn0 2 and ZnO etc. The saidi anodes may be prepared! by filming these materials 
for electrode by means of vacuum evaporation or spattering etc. 

la the case to emit from the electrodes, it is desirable that permeability being increased to more than 10% and that 
is resistance of sheet as electrode being preferably below several hundred Q/square. 

Furthermore, the thickness of film is selected generally within a range of from 10 nm to 1 \x m, preferably trom 1 0 
to 200 nm, due to the material. 

On the other hand, as cathodes, those containing metals, alloys, electric conductive compounds and their mixtures 
with low (less than 4.3 eV) work function as materials for electrode are preferably used. As examples of such materials 
20 . for electrode; there may be mentioned calcium, magnesium, lithium* aluminium, magnesium alloys, lithium alloys, 
aluminium alloys, aluminium/lithium mixtures, magnesiunvsilver mixtures and indium etc. The said cathodes may be 
prepared by filming these materials for electrode by means of vacuum evaporation or spattering etc. It is desirable that 
resistance of sheet as electrode being preferably below several h undred ft/square, and the thickness of film is generally 
selected within a range, of from 10 nm to 1 \i m, preferably from 50 to 200 nm. 
25 Although constructions of EL elements according to the invention may take various embodiments as described 

above,. the luminous efficiency is improved by setting a hole-transporting layer. 

Hole^ransportingi materials used in hole-transporting layers are those which can transmit the holes into the lumi- 
nescent layers properly In the case of the layer being; arranged between two electric field; applied electrodes and holes 
being injected from anodes { for example,, those having hole-shifting degrees of at least 10" 6i cm 2 /V.sec when electric 
30 field of from 1 0 4 to 1 0 6 V/cm being applied. As to such hole-transporting materials, there is no limitation, provided, that 
they have the above-mentioned preferable properties,, and they may be selected for use from the group consisting) of. 
those conventionally used as hole transporting materials in photoconductive' material; and those used in hole^rans- 
portihg lay ers of EL elements. : 

As the said hofe-transportlng materials, there may be mehtfphed, for example; carbazole derivat^es (such as N- 
pnenytcarbazoie andi polyvfnyli caifoazofev ete,)* trtetfyikmih^ {such bbH,W ^fplienyt^rr ^{(^r^tethyfphe- 

nyl)-4^ e ^Isunfnobijphenyt (TPD),- pdymer^contamina tertiary arrfihee in marnchajn&or branched and: f, t -bis 

(4^^-tofyI^ne^ ■ -d^etiyfrN, Ni fc ^inaph%t^4 fr <lcamhoblpheny{ etc4 p^rthalocvanine de- 

rivatives (such as nctft-^etals and_coppar phfhalbcyaninfc etc.) as well as poiysilanes. 
. lini the layers for tmnsporfihg electrons in EL elements according: to the. invention; if multiple ele^roh^r^uieporting 
AQ materials are used 1 , ? not only flhe.eafd silacyclopentadiene derivatives, but also another electronVtraneporting materials 
may be used As preferable examples of the said! electronr-transportihg materials, there may be mentibned phenylqui- 
none derivatives (described in Denshi Shashim Gakkai-shi, : 30, 3 <1 991 ): etc.) such as - 

45 . 



so 



ss 




' ° =\ >=v ■ /==<> " : ; • - (XXI) 

,, or compounds- (described in J. Apply. Phys., 27, 269 (1 968) etc.) such as 
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oxadiazole derivatives (described in the above-mentioned literature, Jpn. J. Appl. Phys., 27, L713 (1988), Appl. Phys. 
Lett., 55, 1489 (1989) etc.), thiophene derivatives (as described in Toku-Kai-Hei 4-2122B6 official gazette), triazole 
derivatives (described in Jpn. J. Appl. Phys., 32, L917 (1993), thiadiazole derivatives (described in the 43rd Kobunshi 

20 Gakkai Yokoshu, II) Pla007 etc.), metal complexes of oxine derivatives (described in Denshi Joho Tushin Gakkai Gijutsu 
Kenkyu Hokoku, 92 (311), 43(1992) etc.), polymers of quinoxaline derivatives (Jpn. J. Appl. Phys., 33, L250 (1994) etc.), 
and phenanthroline derivatives (described in the 43rd Kobunshi Toronkai Yokoshu, 1 4J07). 

As luminescent materials used in the invention, there may be used known luminescent materials such as daylight 
fluorescent materials described in High Molecular Functive Materials Series, "Photof unctive Materials" edited by Kobun- 

25 shi Gakkai, Kyoritsu Shuppan (1 991 ), P236, fluorescent whitening agents, laser dyes, organic scintillators and various 
fluorescent analytical agents, wherein the fallowings are preferable: polycyclic condensated compounds such as an- 
thracene, phenanthrene, pyrene, chrysene, perylene, coronene, ruburene and quinacridone etc.; oligophenylene type 
compounds such as quarterphenyl; liquid scintillators for scintillation such as 1 > 4-bis(2-methylstyry!)benzene, 1,4-bis 
(4-methylstyryl)benzene, 1 l 4-bis(4-methyl-5-phenyl-2-oxazolyl)benzene, 1 ,4-bis(5-phenyl-2-oxazolyl)benzene, 2,5- 

30 bis(5-tertiary-butyl-2-benzoxazolyl)thiophene, 1 ^-diphenyl-l^-butadiene, 1 ,6-diphenyl-1,3,5-hexatriene and 1,1,4, 
4-tetrapheny!-1 ,3-butadiene etc.; metallic complexes of oxine derivatives described in Toku-Kai-Sho 63-264692 official 
gazette; coumarine dyes, dicyanomethylene pyran dyes, polymethine dyes, oxobenzanthracene dyes, xanthene dyes, 
carbostyryl and perylene dyes; oxazine type comounds described in German Patent 2534713 official gazette; stilbene 
derivatives described in the 40th Oyo Butsurigaku Kankei Rengo Koenkai Koen Yokoshu, 1146 (1993) as well as 

35 oxadiazole type compounds described in Toku-Kai-Hei 4-363891 official gazette. Also, silacyclopentadiene derivatives 
described in the invention may be used. 

An example of preferable methods for preparing EL elements according to the invention is illustrated as to the 
following constitution of elements. To illustrate the preparation method for EL element consisting of anode/the said 
silacyclopentadiene derivative layer/cathode, at first a desired material for an electrode such as a matrial for a cathode 

40 is formed on an appropriate substrate such as glass plate at the film thickness of less than 1 u, m, preferably within a 
range of from 10 to 200 nm by means of vacuum evaporation or spattering to prepare an anode, on which a thin film 
of silacyclopentadiene derivative is then coated. 

Although dip coating method, spin coating method, casting method and vacuum evaporation method may be for 
example mentioned as methods for filming, the vacuum evaporation method is preferable since even film can be easily 

45 obtained, impurities are difficult to be mixed into, and pinholes are difficult to be formed. 

Then, after formation of the said silacyclopentadiene derivative layer, a thin film consisting of a material for a 
cathode is coated at the thickness of less than 1 ji m for example by means of vacuum evaporation or spattering etc., 
to prepare cathode, by which the desired EL element is obtained. In the preparation of the EL element, it is possible 
to make subsequently a cathode, the said silacyclopentadiene derivative layer and anode by reversing the above- 

so mentioned preparation order. 

In the case that direct voltage is applied on the thus obtained EL element, luminescence can be observed from a 
transparant or semitransparent electrode side when voltage being applied. Furthermore, luminescence is also occurred 
by applying alternating voltage. Wave form of alternating current applied may be optional. 

55 [Examples] 

The invention is explained absolutely by means of the following examples, but the invention is not limited to these 
examples. 
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Example 1 

Synthesis on ^HJimethyl^ 

To 50ml of tetrahydrofuran (THF) solution containing 6nril of ethyny I benzene, 33 ml of 1.6N' normal-butyl lithium 
was added dropwise under a nitrogen gas flow at 0°C. After stirring for 1 hour, 33.3ml of THF solution containing 3ml 
of dimethylsilylchforlde was added After stirring at the room temperature for one night, the deposited solid was filtered 
and thereafter the obtained reaction solution was<3oncentratedl Water was added to the solution,, and then the solution 
wasextractedi with diethyl ether. Furthermore, the said diethyl ether layer was washed with water, thereafter dried with 
magnesium sulfate and concentrated Then it was recrystallized from hexaoe, to obtain 5.02g of bisphenylethynyld- 
Imethylsilane. 

Then, after substituting inside- of a 50 ml two-necked flask containing 2.56 g! of naphthalene with argon gas, 140 
mg of lithium and 15 ml of THF were added. After stirring for 4 hours, 1.3g of silane derivative obtained beforehand 
was added dropwise. It was cooled to 0°C after HO minutes, 2.75 g of tertiary-butyl diphenyl eilyl chloride was added 
and stirred; for 20 minutes, and then 5,05 g of tetramethyiethyienediamine complex of zinc chloride was added. The 
reaction temperature was returned tothe room temperalure, and 1.87 g of bromobenzene and 175 mg of bistriphenyl- 
phosphine dichloropalladium were added and refluxed for 16 hours. After fUtertng the deposited solid, the reaction 
solution was concentrated: Water was added to the concentrated solution obtained, and then the solution was extracted 
with, diethyl ether. Furthermore.: the said diethyl ether layer was washed! with water/thereafter dried with sodium sulfate 
and concentrated. After purifying by rrteans of a column chromatography, recrystallizatiotl from a miked solvent of 
hexane and ethyl acetate was carried out, to obtain 0.97 g of 1 ,1^imethyl-2,3;4,5-tetraphenyI. silacyclopentadiene in 
form of. light yellow plate crystals. 

Examples 2 - 61 . 

Syntheses of various derivatives 

The following various derivatives can be synthesized by the similar methods to the method in Example 1 except? 
that bromobenzene used in Example 1! was substituted! with corresponding halogenoaryls arid that bisphehylethynyld- 
' ithefhylsjlane w^sut^itutediwith coirespiondirig silanee:- " . .. 

I, 1 L <f^^ f \ "J- ;-V> =; 

IjHaimet^ . c V - . . - 

t/Hifcrc^^ - 

Irt^inM^^ » - 

. 1 ,1^ilie<hyl^3^54 i V 

l!;ii-dmethy^ ■ : . 

II , l^imethyp^ 
1,4-diroetfotf:*^ 

1jH*imethy(-2,5-bis{3-^^ - ' . 

. .1i,1iTdimetftyl^ 

1,1.^imemyl-2,5-d^ : - - 

■ 1 J <Jimethyl-2,5-di(3-bp^ . v : 

l.lHaimethyi^ > " 

1 ,1 -dimethyl-2 f 5-bis{2:4riflu^ 
t,1^imethyi-2,5-bis(3-trJfluc*o 
• 1,1<iimethyl-2,5-bis(4-trifluorc™^ 
1 . 1 ! -dimethyl-2,5-bis^ 

1 , 1 -dimethyl-2,5-bis(3-fluorophenyl) : 3,4<liphenylsilacyc 
1 , 1 ^dimethyl-2,5-bis(4-f luorophenyl)-3 t 4-diphenyisilacyclopentadiene, 
1 r 1 <Jime^yl-2,5-bis(2-methoxy^^ 
1 ,1-dimethyi-2^bis(3-niethoxyphenyl)^ 
1 ,1 -dSmemyl-2,5-bis(4-methoxyphe^ 
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1 J-dimethyl-2,5-bis(2-cyanophenyl)-3 ) 4-diphenylsilacyc!opentadiene l 

1,1-dimethyl-2 I 5-bis(3-cyanophenyl)-3,4-phenylsilacyclop8ntadiene l 

l.l-dimethyl^.S-bistA-cyanophenyO-S^-diphenylsilacyclopentadiene, 

1,1-dimethyl-2,5-bis(2-(2-benzoxazolyl)phenyl)-3,4-diphenylsilacyclopentadiene, 
5 i,i-dtmethyl-2,5-bis{3-(2-benzoxazolyl)ph 

• l 1 i-dimethyl-2,5-bis{4-(2-benzoxazolyl)phenyl}-3 ) 4-diphenytsilacyclopentadiene, 

1 , 1 -dimethyl-2 t 5-bis{2-(2-benzothiazolyl)phenyl}-3,4-diphenylsilacyciopentadiene, 

1 l 1-dimethyl-2,5-bis{3-(2-benzolhiazolyl)phenyl}-3;4-diphenylsilacyclopentadiene, 

1 J-dimethyl-2,5-bis{4-(2-benzothiazolyl)phenyl}-3,4<iiphenylsitacyclopentadiene > 
10 i,1-dimethyl-2,5-bis{2-{5-methyl-2-benzoxazolyl)ph 

1 ,1 -dimethyl -2;5-bis{3-(5-methyl-2-benzdxa26ly!)phenyl}-3;4-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis{4-(5-methyl-2-benzoxazolyI)phenyl}-3,4-diphenylsilacyciopentadien 

1 , 1 -dimethyl-2,5-di(1 -naphthy IJ-S^-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl -2,5-di(2-methy 1-1 -naphthy!)-3,4-diphenylsilacycIopentadiene, 
is l,l-dimethyl-2,5-di(2-methoxy-1-naphthyl)-3 ) 4-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl-2,5-di(2-naphthy l)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -djmethyl-2,5-di(6-methoxy-2-naphthyl)73,4-diphenylsilacyclopentadiene, 

1 , 1 -dirnethyl-2,5-dl(7-methoxy-2-naphthyl)-3,4-diphenylsilacyclopentadiene, 

1 1 1-dimethy!-2,5-di(2-benzothienyl)-3,4-diphenyisilacyclopentadiene, 
20 I.T-dimethyl^.S-difS-benzothienyO-S^-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis(3 -methyl-2-benzothienyl)-3 t 4-diphenylsilacyclopentadjene, 

.1 , 1 -dimethyl^.S-bisCS-phenyl^-benzothienylJ-S^-diphenylsilacyclopentadiene, 

1 Jndimethyl-2 ) 5-bis(2-methyl-3-benzothienyl)-3 ) 4-diphenyisilacyclopentadiene l 

1 , 1 -dimethy!-2,5-bis(2-phenyl-3-benzoth}enyl)-3,4-dlphenylsilacyclopentadiene, . . 
25 1,1-dimethyl-2,5-di(2-benzothiazolyl)-3 l 4-diphenyIsilacyclopentadiene l 
. 1 ,1-dimethyl-2 1 5-di(2-benzoxazolyl)-3,4-diphenylsiiacyclopentadiene, 

1,1-dimethyl-2,5-bis(5-methyl-2-benzoxazolyl)-3 i 4-diphenylsilacyclopentadiene, 

1,1-dimethyl-2 l 5-bis(5-phenyl-2-benzoxazolyl)-3 ) 4-diphenylsilacyclopentadiene > 

1 , 1 -dimethyl-2 1 5-bis(5-methyl-2-benzothiazolyl)-3 J 4-diphenytsilacyclopentadiene, 
30 1 j-dimethyl-2,5-bis(5-phenyl-2-benzothiazolyl)-3,4-diphenylsilacyclopentadiene ) 

1 l 1-dimethyl-2 l 5-di(2-benzofuranyl)-3,4-djphenylsllacyclopentadiene l 

1 , 1 -dimethyl^.S-d^S-benzofuranyO-S^-diphenylsilacyclopentadiene, 

1 1 1-dimethyl-2 > 5-di(2-benzothienyl)-3,4-diphenylsilacyclopentadiene, 

1,1-dlmethyl-2,5-bis(3,4-difluorophenyl-3,4-diphenylsilacyclopentadlene, 
35 1 .l-dimethyl^.S-bisfS.^S-trifluorophenyO-S^-diphenylsilacyclopentadiene or 

1 ) 1-dimethyl-2 l 5-bis(2 l 3,4 l 5,6-pentafluorophenyl)-3,4-diphenylsilacyclopentadiene. 

Example 62 

40 Synthesis of l.l-diethyl^.SAS-tetraphenylsilacyclopentadiene 

1 .l-diethyl^.SAS-tetraphenylsilacyclopentadiene can be synthesized by the method in accordance with Example 
1 except that bisphenylethynyldimethylsilane used in Example 1 was substituted with bisphenylethynyldiethylsilane. 

45 Example 63 - 1 22 

Synthesis of various derivatives 

The following various derivatives can be synthesized by the similar methods to the method in Example 62 except 
50 that bromobenzene used in Example 62 was substituted with corresponding halogenoaryls and that bisphenylethy- 
nyldiethylsilane was substituted with corresponding silanes: 

1 ,1-diethyl-2,3 l 4,5-tetrakis(2-methylphenyl)silacyclopentadiene > 
1 , 1 -diethyl-2, 3,4,5-tetrakis(3-methy lphehyl)silacyclopentadiene, 
55 1,1 -diethyl-2, 3,4,5-tetrakis(4-methylphenyl)silacyctopentadiene 1 

1,1 -diethyl-2, 3 4,5-tetrakis(2-ethylphenyl)silacyc!opentadiene, 
1,1 -diethyl-2,3,4,5-tetrakis(3-ethyiphenyl)silacyclopentadiene, 
1,1 -diethyl-2, 3,4,5-tetrakis(4-ethylphenyl)silacyclopentadiene, 
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1 . 1 3 1 4,5~tetrakis(2-tortiaiyiDutylphenyt)sila^ 
1 J<liethyl-2 f 3,4,54etralcis(3-tertte^ . 
1 1 -diethy (-2, 3,4,5-tetrakis(4-tertiarybuty lphenyl)silacyclopentadierie ( 
l.l^»thyr-2 I 5-bi8(2HTiethylphQnyl)-3,4^ 
1»l*ilethyl-2,5-bis(3^^ 
■1.1<liethyl~2 l 5Tbis(4^eth^^ 

1 J<iiethyl-2 l 5-di(2^iphenyl)-3,4^iph^ % . 
1 ,1 -diethyl-2 l 5-di(3 ^phenyl)-3;^iphenyl8ilapyclppenladienei 
1 J -diethyh2,5<Ji(4-biphenyl)^ 
1 , 1 <*iathyl-2,5-bis(?Ttrfflgo 

1 J<Hethy^2,5-bi8(3-trifluo^ . 
1,1<*iethyI-2,5-bi3(4-trifluoro^ \. 
1,1<iiethyl-2 f 5-bl6(2-fl^ 

1^:<liethyl-2 > 5^is(3-nuorophenyl)-3.4<liph0nyl8i!acyclopente 

1it^iothyI-2,5Tbie(4M1uoropheny 

1 , 1 -diethyl-as-bis^HTOthoxy^ 

1,1<nethyl-2,5-bis(3^etho^ - 
1 t 1^jethyl-2 J 5-bis(4HTiethoxypheny!^3 l 4^iphenyfe 
1 , 1 <^i0thyI-2, 5rbis(2-cyanoph8ny|)-3,4<Jipbeny Isilacyclopentadie a, ■ 
. 1 , 1 Kjiethyl-2,5*bis(3^yanophenyl)-3 t 4^iph 
1,1^iethyl-2,5-bis(4K:yanophen^^^ : 

1 , 1 -diethyl-2,5-bis{2^2-benzoxaOTW 
1 . 1 Kjfethyl-2 f 5^is{3K2^enzoxa^ 

1 , 1 <Kethyl-2,5-bis{4K243enzox^^ ./ . 

t.l'^iethyK.S-bfe^ i 

1 , 1 -diethyl-^S-brsfS-^^ : 

1 ,1^i©thyl-2 l 5-bis{4-(2^enzothiazolyi)p^ 

1^1-diethyl-2,5-bis{2K5^ 

1,1 ^iethyl-2,5-bis{3-(5H*e^ 

T.1<lfethylr2^ 

1 , 1 <iiethy!-2,5Hdi(1 ^ '? • . 

1; . 1 -diethyl-2 I 5-di(2-m©thyl-1 Hfiapfottiyi)^ ";. - 

1i.1^etfhyt-2 t 5<l^^ 
l,*^fe*lrjy^2^ 

T J<ifethyl-2,5<i[{^ . 

M-dfet^&s^ : 

1 , 1 -dietthyl-2,^ 

1 r 1-di0thyl-2 f 5-bfe{3 ^«^t^4*8frc^ 

1r,1 <Be^«-2»S^rg^ ... 

ii ,1 ^i©myi-2,5^biet2^ethyf:-3 ^enzothienyO-S^iphanylsilacycloperitadfGne, 

1i,t<Ji8tjiyL-2,5^re{2^henylK3'^ : 

1»1^ie^^ .[ 

1 , 1 ^e1^yl-2;5Ki3(2-ben2oxa^ 

1 ,1-di8thyl-2, 5^is(5-methyl-2-b^^ 

M^iethy^2^ 

1 ,1 ^iethyl-2,5-bis(5-me^ 

1 ,. 1 -diethy L L 2, 5-bis(5-ph 0nylr2-benzo<hiazolyl)r3v4^iph8ny Isllacy c lopentadiene , 

1;1^iethyi-2,S<ii(2-benzofuranyfi)-3^ 

i ,1 <i.iethy 1-2, 5<tf(3rbenzof ura^ 

V^ietfoyl-2,5^ 

1 J <lietfoy!-2,5^is(3 t 4^ 

1*1'^tethyl-2,5bis<3A5-^ 

1 , 1 <Jiethyl-2 1 5-bis(2 1 3,4,5,6iD0ntafluoroph0nyl>3 > ^ 
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Example 123 

Synthesis of l-ethyl-l-methyl^.S^.S-tetraphenytsilacyclopentadiene 

l-ethyl-l-methyl-a.S^.S-tetraphenylsilacyclopentadiene can be synthesized by the method in accordance with 
Example 1 except that bisphenyiethynylethylmethyl-silane used in Example 1 was substituted with bisphenylethy- 
nylethylmethylsilane. 

Example 124- 1B3 

synthesis Of various derivatives ' ^ . . .. - - - - •- - ■• - - 



The following various derivatives can be synthesized by the similar methods to the method in Example 1 23 except 
that bromobenzene used in Example 123 was substituted with corresponding halogenoaryls and that bisphenylethy- 
15 nylethyl-methylsilane was substituted with corresponding silanes: 

1-ethyl-1-methyl-2,3,4 l 5-tetrakis(2"methy)phenyl)silacyclopentadiene, 

1 -ethyl-1 -methyl^.S^.S-tetrakisfS-methylphenyOsilacyclopentadiene, 

1-ethyl-1-methyl-2,3,4,5-tetrakis(4-methylphenyl)silacyclopentadiene, 
20 i-ethyl-1-methyl-2,3,4,5-tetrakis(2-ethy!phenyl)silacyclopentadiene > 

1 -ethyl-1 -methyl-2,3,4,5-tetrakis(3-ethylphenyl)silacyclopentadiene, 

1 -ethyl-1 -methyl-2,3 > 4,5-tetrakis(4-ethylphenyI)silacyclopentadiene, 

1 -ethyl-1 -methy I-2, 3,4, 5-tetrakis(2-teniarybutylphenyl)silacyclopentadiene, 

1 -ethyl-1 -methyl-2,3,4 I 5-tetrakis(3 -tertiarybutylphenyl)silacyclopentadiene, 
25 1 -ethyl-1 -methy 1-2,3 3 > 4 1 5-tetrakis(4-tertiarybutylphenyl)silacyclopentadiene, 

1 -ethyl-1 -methy l-2 > 5-bis(2-methylphenyl)-3,4-diphenylsilacyclopentadiene 1 

1 -ethyl-1 -methyl-2,5-bis(3 -methylphenyl)-3,4-diphenylsilacyc!opentadiene, 

1 -ethyl-1 -methyl-2,5-bis(4-methylphenyl)3,4-diphenylsilacyciopentadiene > 

1-ethyl-1-methyl-2 l 5-di(2-biphenyl)-3 > 4-dipheny!silacyclopentadiene, 
30 1 -ethyl-1 -methyl-2,5-di(3-biphenyl)-3,4-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl^.S-di^-biphenyO-S^-diphenylsilacyclopentadiene, 

l-ethyl-l-methyl^.S-bisfa-trrfluoromethylphenylJ-S^-diphenylsilacyclopentadiene, 

l-ethyl-l-methyl^^-bisCS-trrfluoromethylphenylJ-S^-diphenylsilacyclopentadiene, 

1-ethyl-1-methyl-2,5-bis(4-trifluoromethylphenyl)-3,4-diphenylsilacyclopentadiene > 
35 1 -ethyl-1 -methyl-2,5-bis(2-fluorophenyl)-3,4-diphenylsilacyclopentadiene, 

1 -elhyl-1 -methyl^^-bisCS-fluorophenyO-S^-diphenyisilacyciopentadiene, 

1 -ethyl-1 -methyl-2,5-bis(4-fluorophenyl)-3,4-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methy!-2 l 5-bis(2-methoxyphenyl)-3,4-diphenylsilacyclopentadiene, 

1-ethyl-1-methyl-2,5-bis(3-methoxyphenyl)-3,4-diphenylsilacyclopentadiene, 
40 1 -ethyl-1 -methyl-2,5-bis(4-methoxyphenyl)-3,4-diphenylsilacyclopentadiene 1 

1 -ethyl-1 -methyl-2,5-bis(2-cyanopheny!)-3 J 4-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl^.S-bisfS-cyanophenyO-S^-diphenylsilacyclopentadiene, 

1-ethyl-1-methyl-2 > 5-bis(4-cyanophenyl)-3,4-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl-2,5-bis{2-(2-benzoxazolyI)phenyl}-3,4-diphenylsilacyclopentadiene, 
45 1 -ethyl-1 -methyl-2,5-bis{3-(2-benzoxazolyl)phenyl}-3,4-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl-2 l 5-bis{4-(2-benzoxazolyl)phenyl}-3 J 4-diphenylsilacyclopentadiene, 

1-ethyl-1-methyl-2,5-bis{2-(2-benzothiazolyl)phenyl}-3,4-diphenylsilacyclopentadiene, 

1 -ethyl- 1-methyl-2,5-bis{3-(2-benzothiazolyl)phenyl}-3,4-diphenylsilacyclopentadiene. 

1-ethyl-1-methyl-2,5-bis{4-(2-benzothiazolyl)phenyl}-3,4-diphenylsilacyciopentadiene l 
50 1 -ethyl-1 -methyl-2,5-bis[2-(5-methyl-2-benzoxazolyl)phenyl}-3 > 4-diphenylsilacyclopentadiene ) 

1-ethyl-1-methyl-2,5-bis{3-(5-methyl-2-benzoxa2olyl)phenyl}-3,4-iphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl-2,5-bis{4-5-methyl-2-benzoxazolyl)phenyl}-3 l 4-iphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl^.S-dKI-naphthylJ-S^-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl^.S-dita-metyl-l-naphthyO-S^-diphenyisilacyclopentadiene, 
55 1 -ethyl-1 -methyl-2,5-di(2-methoxy-1-naphthyl)-3 l 4-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl-2,5-di(2-naphthyl)-3,4-diphenylsilacyclopentadiene, 

1 -ethyl-1 -methyl-2,5-di(6-methoxy-2-naphthyl)-3,4-diphenylsilacycbpentadiene l 

1 -ethyl-1 -methyl^.S-diCT-methoxy^-naphthylJ-S^-diphenylsilacyclopentadiene, 
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1-ethyM-methyl^2,5-di(2-benzothi^ 

1 -ethyl-1 -methyl-2,5«ii(3-benzothienyl)-a^ 

1 -ethyl-1 -methyl-2,5rbte^ . 

1 -ethyl- 1-methyl-2,5-bis(3iDheny^ 
5 . 1-ethyl-:1-methy!-2,5^is(2-me^ 

1-ethyl-t-methyl-2,5-b^2rph9nyl^ : 

1-ethyl-i:-methyi-2^ 

1 -ethyl-1 -melhyl-2,5^1(2-benzoxaz^ 

1-ethyl-1-methyl-2,5-b^ 
io 1-ethyl-1-methy^2,5^is(5-pheny^^ 

1 -ethyl-1 -methy^2 J 5-bis(5-methyl-2-benzothia^oly!)-3,4-d^ 
" t-ethyl-1-methy! r 2,5-bi8(5-pheny^ 

t-ethyl-lHTiethyl-^S^i^ 

1 -ethyl-1 -methyl-2,5Kii(3-benzof^ 
is l-ethyM-methyl^,^ 

1-ethyl-1-methyl-2,5-bis(3;4<llflUGrophenyO-3,4^ipheny 

1i-ethyl-1-methy^2 > 5-bis(3,4 l 5-trmuorophenyI)^3i4*diphenytella^^ or 
1 -ethyl-1 -methyl^.S-bis^^.B.B^ 

20 Example 184 . .,..».. 

Synthesis of 1 .-Irdiphenyl-^S.^S-tetraphenylsilacyclopentadlene ■*.-. 



25 



1 , 1 <liphenyl-2 t 3,4 I 5-tetraphenylsilacyclopentadiehe can. be synthesized by the method in accordance with Exam- 
ple 1 except that bisphertylethyriyldimethylsilane used in Example 1 was substituted with bisphenylethynyldiphenyisi- 
lahe. • ■ ' . ■ !. . ' • 



■ Example 185 - 244 . ; : >- -.- , . v.-V" \.\ 

so Synthesis of various derivatives * - I > : - * 

The following various derivatives can be sythesized by tine: similar methods to. the method in Example 184 except 
that bromobenzene used in Example 184 was substituted with corresponding hafogenoaryis and! that bisphanylethy- 
nyldiphenyl-sllarie was substituted with conespondfrig silanes: * i ; , ; ^ . ".*■->.»..-■!'- : 

■■ W-dipfoeir^ 

1i ,1 <lipheny1i^3;4 t 6-tetrakis:(4^t^ . 

1J<iiphenyl-2A4»5^^ / : . . 

* 1,1!-diphenyl>^^ '■ 
1 f 1i<iiphenyl; r 2 l 3 l 4,5^etralds(4^ 
*s 1,1<iiphenyl-£^ . . , 

1 , 1 -diphenyi-2,5-bts<^ 
1.l^i^enyl!-2 , l 6-bis(4-r!tiieth^ 
1/l-diphenyl-2 t 5^ 

1 , 1 Htfphenyr^2,5-di(3-biphenyl^ ; 
so 1,1-diphenyl-2,5^^^ 
1,t-diphenyl;-2 f 5^ 
■ l.l^iphenyl^ 

1,1 -dipheny I -i2,5-bis (4-trifl uoromethyljDh eny l)-3; 4?diph eny Isilacyclop.entadi ene , 
1 ,1 -diphenyl-2 J 5-bis{2-fluorophenyl)-3 l 4-diphenylsilac^c 
1 ,1 <l^henyl-2 f 5-bis(3-fto^ 
1 ,1 -dphenyl-2,5-bis(4-fluoropheny0^^ 

1 , 1 ^ipheny1-2 1 5-bis(2-methoxyphenyl)-3 J 4Hdlphenylsiiacyclc9e 
1 ,1 <Jipheny1r2,5-bis(3-methox^ 
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1 J-diphenyl^.S-bisC^methoxyphenyO^.^diphenylsilacyclopentadiene, 

1 , 1 -diphenyl-2,5 -bis(2-cyanopheny l)-3,4-dipheny Isilacyclopentadiene, 

l.l-diphenyl^.S-bisCS-cyanophenyO-S^-diphenylsiiacyclopentadiene, 

1 , 1 -dipheny!-2,5-bis(4-cyanopheny i)-3,4-diphenylsilacyclopentadiene, 
5 i,l-diphenyl-2,5-bis{2-(2-benzoxa20lyl)phenyl}-3,4-diphenylsiIacyclopentadiene, 

1 , 1 -diphenyl-2,5-bls{3-(2-benzoxazolyl)phenyl}-3,4-diphenylsilacyclopentadiene ( 

1,1-diphenyl-2,5-bis{4-(2-benzoxa2olyl)phenyl}-3,4-diphenylsilacyclopentadiene, 

1 l 1-diphenyl-2 l 5-bis{2-(2-benzolhiazoiyl)phenyl}-3 l 4-diphenylsilacyclopentadiene J 

1 ,1 -diphenyl-2,5-bis{3-(2-b8nzothiazolyl)phenyl}-3,4-diphenylsilacyclopentadiene, 
10 1 j-diphenyl-2 f 5-bis{4-(2-benzothiazolyl)phenyl}-3,4-diphenylsilacyclopentadiene, 

i , 1 -diphenyl-2,5-bis{2-(5-methy l-2-benzoxa2olyl)phenyl}-3,4-diphenylsilacyclopentadiene, • 

1 , 1 -diphenyl-2,5-bis{3-(5-methyl-2-benzoxazolyl)phenyl}-3,4-diphenylsilacyciopent&diene, 

1 ,1 -diphenyI-2,5-bis{4-(5 -methyl-2-benzoxazolyl)phenyl}-3,4-dipheny!silacyclopentadiene, 

1 , 1 -diphenyl-2,5-di(1 -naphthy))-3,4-diphenylsilacyclopentadiGne, 
15 1 J 1-diphenyl-2,5-di(2-methyl- 1 -naphtyl)-3,4-diphenyIsilacyclopentadiene, 

1,1-diphenyl-2 ( 5Hdi(2-methoxy-1-naphtyl)-3,4-diphenylsiiacyclop6ntadiene l 

1 , 1 -diphenyI-2 > 5-di(2-naphthyl)-3,4-diphenylsiiacyclopGntadienG > 

1,1-diphenyl-2,5-di(6-methoxy-2-naphtyl)-3.4-diphenylsilacyclopentadjGne, 

1,1-diphGny!-2,5-di(7-mGthoxy-2-naphtyl)-3 > 4-diphGnylsilacyclopGntadienG l 
20 1,1 -diphGnyl-2,5-di(2-benzothiGnyl)-3 > 4-diphGnylsilacyclopentadiehG, 

1,1-diphGnyl-2,5-di(3 -bGnzothienyl)-3,4-diphenylsiiacyclopGntadiGnG, 

l.l-diphGnyl^.S-bisCS-methyr^-bGnzothienyO-S^-diphGnylsilacyclopentadiGne, 

1 , 1 -diphGnyl-2,5-bis(3-phGnyl-2-benzothienyI)-3,4-diphGnylsilacyciopentadiGnG l 

1 , 1 -diphGnyl^^-bis^-mGthyl-S-bGnzothieny^S^-diphGnylsiiacyclopentadiene, 
25 l,1-diphGnyl-2 l 5-bis(2-phGnyl-3-bGnzothieny!)-3 > 4-diphGnylsilacyclopentadiGnG ) 

1 ,1 -diphGnyl-2,5-di(2-bGnzothiazolyl)-3 < 4-diphGnylsilacyclopGntadiGne, 

1,1-diphenyl-2,5-di(2-bGnzoxazolyl)-3 J 4-diphenylsilacyclopentadiGnG I 

r 1 ,1-diphGnyl-2,5-bis(5-mGthyl-2-bGnzoxa2olyl)-3,4-diphGnylsilacyclopGritadiGne, 

l.l-diphenyl-^S-bisCS-phGnyl^-bGnzoxazolyO-S^-diphenylsilacyclopGntadiGne, 
30 1 j-diphGnyl-2,5-bis(5-mGthyl-2-bGnzothiazoly!)-3,4-diphGnylsilacyciopGntadiGne, 

1 , 1 -dipheny l-2,5-bis(5-pheny l-2-benzothiazoly l)-3, 4-diphenylsilacyclopentadiene, 

1 , 1 -diphGnyl-2,5-di(2-bGnzof uranyl)-3 ( 4-diphGnylsilacyclopGntadiGnG, 

1 , 1 -diphGnyl-2,5-di(3-bGnzof uranyO-S^iphGnylsilacyclopentadiGne, 

1,1-diphGnyl-2,5-di(2-bGnzothiGnyl)-3,4-diphGnylsiIacyclopGntadiGnG l 
35 1 .l-diphenyl^^-bisCS^-difiuorophenylJ-S^-diphGnylsiiacyclopGntadienG, 

1 , 1 -diphGnyl^^-bisCS^.S-trifluorophenylJ-S^-diphGnyisilacyclopentadiane and 

1 t 1-diph6nyl-2,5-bis(2 > 3,4 ) 5 > 6-pentafluorophenyl)-3 I 4-diphenylsilacyclopentadiGne. 

ExamplG245 

40 

Synthesis of 1 -tertiarybutyl-1 -phenyl^.S^.S-tetraphenylsilacyclopentadiene 

1-tGrtiarybutyl-!'phGnyl-2,3,4,5-tetraphenylsilacyclopGntadienG can bG synthGsizGd by thG mGthod in accordance 
with Example 1 except that bisphenyl-ethynyldimethylsilane used in Example 1 was substituted with bisphenylethynyl- 
45 tertiarybutyl-1 -phenyl-2,3,4,5-tetraphenylsilacyclop6ntadiene. 

Example 246 - 305 

Synthesis of various derivatives 

so 

The following various derivatives can be synthesized by the similar methods to the method in Example 245 except 
that bromobenzene used in Example 245 was substituted with corresponding halogenoaryls and that bisphenylethy- 
nyltertiary-butylphenylsilane was substituted with corresponding silanes: 

55 1 -tertiarybutyl-1 -phenyl-2 1 3,4 > 5-tetrakis(2-methylphenyl)silacyclopentadiene, 

1 -tertiarybutyl-1 -phenyl^.S^.S-tetrakisJS-methylphenyOsilacyclopentadiene, 
1 -tertiarybutyl-1 -phenyl-2,3,4,5-tetrakis(4-methylphenyl)silacyclopentadiene, 
1 -tertiarybutyl-1 -phenyl-2 l 3,4,5-tetrakis(2-ethylphenyl)silacyclopentadiene, 
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14ertiarybutyMi-pheny^ - 

1 -tertiarybutyl-t-phen^ 

1 -tertiarybutyl-1 -phenyl-2,3A5-tetrakis(2;tert^^ 

1-tertferybuty|-1-phenyh2A4,54^^^ . 

l-tertlarybutyi-1-phenyl-^^ 

1-tertiarybutyl-1-phenyl-Z^ 

l-tertiarybirtyi:-l-phenyI-2,5-b^ 

MertiarybutyR-phBnyl^2 t ^ 

1 -tertiarybutyl-1 -phenyl-2,5-di{2^ 

1 -tertiarybutyM -phenyl-2,5^i(3-biphenyi^ 

1 -tertiarybutyM -phenyl-2.5^^^ v 
1-tertterybutyM -phenyl-2,5KJi(2^ 

l-tertWrybutyM-phenyl^.S-dl^^ . 
t -tertiarybutyM -phenyl-2,5-di(4^ 
1-tertiarybutyM-phenyl-2,5^ 
1i-tertiarybutyM -phenyl-2,^ 

l^ertiarybiJtyM^phenyl^.S-bi^^^ • • 

1 -tertiarybutyM -phenyl-2,5-bis(2-metto 

14ertiarybutyl-1-pheny^ 

1 -tertiarybtJtyl-1 -pheny^2,^ 

1 -tertiarybutyM -phew^ 

1-tertiarybutylrl-phenyl^2,5-bte^ 

1-tertiarybutyM-phe^ 

1 -tertiarybutyM -phenyl-2,5^ 

i -tertiarybutyM -phenyi-2,^ 

1 -tertiarybutyM -phenyl-2,^^ . ; 

1 -tertiarybutyl-1 iDhenyl^S^bjs^ 

1 -tertiarybutyl-1 -phenyl-2y5-bls{3-(2-b^ 

14ertiarybutyM-phenyl-2,5^^^ 

1 -tertiarybutyl-1 -phenyl^2y^bis{2^ 

1-tertiarybutyM>piie^ 

1 -tertiarybutyM^ . 
1-teitfiaiytJ^ - 
i-tertteiybot^ , 
1-ta*tforyt^ 

trtetftforybotyfrl , 

1-tertfarybtJtyl^li^ 

1-tertiarybij^ 
MeiffiaiybulyM^ 

1-tertaiybutyM!-ph0nyl-2,5-bis(2-cTiethyl-3-ber^ , . 

l^rtiaryfoirt^^ .. 
14eriiarybutyM: -phenyl^ 
14artiaiiybU1^ 

1 TertiarybutyM -phenyl L 2. 5^is(5-methy l-2rbenzoxa^dlyl 4-dip h enyisi lacyc lope ntadi en e, 
1-tertiarybiJtyM 

T-tertiarybuty!-1i-phenyl-2 4 5-bis(5-m ' . • • . 

1 -tertiarybti1ylh1i-phenyl-2,5-bis(5-p 
; 1-tertiarybutyM-|^^ li- 
te rtiaryb uty 1-1 -ph enyl-2,5-di (3-ben^ofu ranyl)^ 

(2-benz6thienyl)-3 J 4-diphenylsliacyclopentadiene l 1-tertiaiybutyMi-pheny^^ 
nylsilacyclopentadiene, 

1-tertiarybiJtyM-phenyl-2,^ and 

1 -tertiarybutyM -phenyl-2 f 5<J^ . . 
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Example 306 

Synthesis of 1 ,1 -dimethyl-2,5-diphenyl-3,4-bis(3-methylphenyl) silacyclopentadiene 

5 i,i-dimethyl-2 > 5-dipheny)-3,4-bis(3-methylphenyl) silacyclopentadiene can be synthesized by the method in ac- 

cordance with Example 1 except that bisphenylethynyldimethylsilane used in Example 1 was substituted with bis 
(3-methylphenyI)ethynyldimethylsilane. 

Example 307 ~ 347 

10 

Synthesis of various derivatives - - . .. .. ...... 

As for Examples 307 - 347, the following various derivatives are synthesized by the similar methods to the method 
in Example 1 except that bromobenzeneused in Example 306 was substituted with corresponding halogenoaryls and 
is that bis(3-methylphenyl)ethynyldimethylsilane was substituted with corresponding silanes: 

1 l 1-dimethyl-2 l 5-bis(2-methylphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene l 
1 , 1 -dimethyl-2,5-bis(4-methylphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene 1 
1 , 1 -dimethyl-2,5-bis(2-ethylphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 

20 1 ,1-dimethyl-2,5-bis(3-ethylphenyl)-3,4-bis(3 -methylphenyl)silacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis(4-ethylphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1 l 1-dimethyi-2 l 5-bis(2-tertiarybutylphenyl)-3,4-bis(3-methylphenyi) silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis(3-tertiarybutylphenyl)-3,4-bis(3-methylphenyl) silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis(4-tertiarybutylphenyl)-3,4-bis(3-methylphenyl) silacyclopentadiene 

25 1,1 -dimethyl-2,5-bis(2-methylphenyl)-3,4-bis(3 -methylphenyl)silacyclopentadiene, 

1 ,1 -dim ethyl -2, 5-b is (3 -methylphenyl)-3,4-bis(3 -methylphenyl)silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis(4-methylphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene 1 
1 , 1 -dimethyl-2,5-bis(2-biphenyl)-3,4-bis(3-methylphenyl)silacyclopentadien8, 
1 , 1 -dimethyl-2,5-bis(3-biphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 

30 1,1 -dimethyl-2,5-bis(4-biphenyl)-3,4-bis(3 -methylphenyl)silacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis(2-trif luoromethylphenyl)-3,4-bis(3-methylphenyl) silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis(3-tiifluoromethylphenyl)-3 t 4-bis(3-methylphenyl) silacyclopentadiene, 
1 ,1 -dimethyl-2,5-bis(4-trifluoromethylpheny!)-3 l 4-bis(3-methylphenyl) silacyclopentadiene, 
1 , 1 -dimethyi-2,5-bis(2-fluorophenyI)-3 l 4-bis(3-methylphenyl)silacyclopentadiene, 

35 1,1 -dimethyl-2,5-bis(3-fluorophenyl)-3,4-bis(3-methylphenyi)silacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis(4-fluorophenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis(2-methoxyphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1 ,1 -dimethyl-2,5-bis(3-methoxyphenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1,1-dimethyl-2,5-bis(4-methoxyphenyl)-3,4-bis(3 -methylphenyljsilacyclopentadiene, 

40 1,1 -dimethyl-2,5-bis(2-cyanophenyI)-3 J 4-bis(3-methy lphenyl)silacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis(3-cyanophenyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis(4-cyanophenyl)-3,4-bis(3-methyiphenyl)silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis{2-2-benzoxazolyI)phenyl}-3 l 4-bis(3-methylphenyl) silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis{3-(2-benzoxazolyl)phenyl}-3,4-bis(3-methylphenyl) silacyclopentadiene, 

^5 1 1 1 -dimethyl-2,5-bis{4-(2-benzoxazolyl)phenyl}-3,4-bis(3-methylphenyl) silacyclopentadiene, 

1 l 1-dimethyl-2,5-bis{2-(2-benzothiazolyl)phenyl}-3,4-bis(3-methylphenyl) silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis{3-(2-benzothiazolyl)phenyl}-3,4-bis(3-methylphenyl) silacyclopentadiene, 
1 , 1 -dimethyl-2,5-bis{4-(2-benzothiazolyl)phenyI}-3,4-bis(3-methylphenyl) silacyclopentadiene. 
1,1-dimethyl-2,5-bis{2-(5-methyl-2-benzoxazolyl)phenyl}-3,4-bis(3-methylphenyl) silacyclopentadiene, 

50 1,1-dimethyl-2,5-bis{3-(5-methyl-2-benzoxazolyl)phenyl}-3,4-bis(3-methylphenyl) silacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis{4-(5-methyl-2-benzoxazolyl)pheny l}-3,4-bis(3-methylphenyl) silacyclopentadiene, 
1 ,1 -dimethyl-2,5-di(1 -naphthyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1,1-dimethyl-2,5-di(2-methyl-1-naphthyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1 , 1 -dimethyl-2,5-di(2-methoxy-1 -naphthyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 

55 1,1 -dimethyl-2,5-di(2-naphthyl)-3 l 4-bis(3-methylphenyl)silacyclopentadiene, 

1,1-dimethyl-2,5-di(6-methoxy-2-naphthyl)-3,4-bis(3-methyIphenyl)silacyclopentadiene, 
1,1-dimethyl-2,5-diC7-methoxy-2-naphthyl)-3,4-bis(3-methylphenyl)silacyclopentadiene, 
1 , 1 -dimethyl-2,5-di(2-benzothienyl)-3,4-bis(3-methylphenyi)silacyclopentadiene, 
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1 , t-dimemyl-2,5<ii(3^ 

1 i 1 Hdimethyl-2,5-bis(3-meth^ 

1 ,1^imethyl-2;5-bis(3-phenylr2^^ - 
1 ,1 Hjimethyl-2,5-bis(2-me%^ 
1 , 1 -dimethy!-2 f 5-bis(2^he^^ 
. 1,l<iimethyr-2,5^i(2^ben^^ 

I, 1 -dinaethyl-2,5^i(2-benzoxazolyl)-3,4-bis(i3-m 

II , 1 ^imetiiy!-2,5-bjs(5-m^ 

1 , 1 -dimethyl-2 ( 5-bis(5i3heriyl-2-benzo)^ 

1 ,1 -dimethyl-2 l 5-bi8<5-methyl-2-benzothiazolyl)-3,4-b^ 

1 , 1 ^imethyl-2,5-bi6(5-phenyl-2-be 

1 ,1 -dimethyl-2 i 5 L di(2-benzof uranyD-a^bisfS-methylphonylJsilacyclopentadiene, 

1 ,1 -dimethyl!-2,5Hdi(3-benztfurany^^ 

1,1*dimethyl-2,5-(2-benzothienyl^ 

V1^imethyf-2,5-^ . 
1 , 1 -dim0thyl-2 1 5-bis(3,4 1 54rmuorophehyl)-3 l 4-bis(3^ethylph arid 
*1 l l!<Jimethyi-2,5-b^ . 

Example 348 ; . 

Synthesis of 1 i .t^imethyl-2,3<ii(2^ ; 

After substituting inside of a 50ml two-necked flask containing 2.56g of naphthalene with argon gas, t'40mg of 
lithium and 15ml of THF are addedl After stirring for 4 hours, 1.3g of silane derivative which being synthesized accord- 
ingi to Example. 1 is added dropwise. It was cooled to 0 °G after 10 minuted, 2:75gi of tertiary-butyldiphenyli sllyli chloride 
is added and stirred for 20 minutes, and then 5.05g of tetramethylethylenediamine complex of zinc chloride is added. 
The reaction temperature is returned to the room temperature, and 1:.9g*of 2^bromopyridine and 175mgof bistriphe- 
nylphosphine dichloropaliadium areadded and refl uxed for 1.6 hours. After filtering the deposited solid, the reaction 
solution is concentrated. I N hydrochloric acid and diethyl ether- are added to the solution obtained; arid tt is extracted: 
into an aqueous layer, the aqueous layer Is rendered to aikalinewith an aqueous sodium hydroxide solution, extracted 
with diethyl ether and washed) with water, thereafter dried; with sodiumsuifateand concentrated. The obtained cohden- 
tratedi solution is recrystallized froma mixed solvent of hexane and ethyl! acetate, to obtain 1 .Sq of 1,1-dimethyl-2,3-di 
(2-pryidyl)-4,5-diphenyl silacycropentadiene. The N MR determination results of the obtained compound are described 
asfoilows: . : "-' - W.:- -r; - -- : - \ . • * 

^HNiMF^MOy - X ; - : : V - - - - r ^ ; 1 : 

Example 349 ' ]. 

Synthesis of tJ^imeM^ 

1,1sJimet!hyl-2$^ "syntfcesizedby the method in accordance with 

Example 348 except that 2-bromopyridine" used in Example 348 was substituted with 3-bromopyridine. The yield was 
33 mole %. The NMR determination results are described as follows: 
1 HNMR(CHCl3) - / . . * • 

.8 =0,50(s,6H), 6^ 

Example 350 - 383 • .. . 

Synthesis of various derivatives * 

: The following various derivatives can be synthesized by the similar methods to the method in. Example 348 except 
that 2rbromopyridine used in. Example 348 was substituted with corresponding halogenoary Is. 

1,1-dimethyl-2 ( 5<li(4-pyrkJyl)-3 ( 4^iD^ 

1 , 1-dmtfhyf-2,5-di(1 -isoquiholyl)-3,4-diphenyisilacyclopentadiene, 
1.1^mefryl-2,5Kii(2-isoquM 

1 , 1 -dimethyf-2,5-di (3-isc<|UlnolyO-3,4Kli^enylsikcyclopentadiene, 
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1 ,1-dimethyl-2,5*dj(4-isoquinolyl)-3,4-diphenyisilacyclopentadiene, 

1 ,1-dimethyl-2,5-di(5-isoquinolyl)-3,4-diphenylsilacyc!opentadiene, 

1 , 1 -dimethyl-2,5-di(6-isoquinolyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl^.S-dKy-isoquinolylJ-S^-diphenylsilacyclopentadiene, 
s 1,1 -dimethyl^.S-ditB-isoquinolyO-a^-diphenylsiiacyclopentadiene, 

1 , 1 *dimethyl-2,5-di(2-pyrimidyl)-3 i 4-diphenylsilacyclopentadiene ( 

1 , 1 -dimethyl^.S-dKS-pyrimidylJ-S^-diphenylsilacyclopentadjene, 

1 , 1 -dimethyi^.S-dipyrazyl-S^-diphenylsilacyclopenladiene, 

1 , 1 -dimethyl-2,5-di(3-pyridazyl)-3 1 4-diphenylsilacyclopentadiene l 
10 i.l-dimethyl^.S-ditS-isoquinolyO-S^-diphenylsilacyclopentadiene, 

- - - 1,1-dimethyl-2,5-di(4-isoquinolyl)-3,4-diphenyisilacyclopentadiene l - 

1 , 1 -dimethyl-2,5-di(2-quinoxalyi)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl-2 J 5-di(2-quinazolyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl^.S-difS-cinnolyiJ-S^-diphenylsilacyclopentadiGne, 
is 1 ,1-dimGthy}-2 J 5-di(9-acfydyl)-3,4-diphenylsiiacyclop6ntadiene ) 

1 , 1 -dimethyl-2,5-bis(2 1 3,5,6-tetrafIuoro-4-pyridyl)»3 l 4-diphenylsHacyclopentadiene ; 

1 , 1 -dimethyI-2,5-bis(6-methyl-3 -pyridy l)-3,4-diphenylsilacycbpentadiene, 

1 , 1 -dimethyl-2,5 -bis{6-pheny I- 3 -pyridy l)-3,4-diphenylsi lacyclopentadiene , 

1,1-dimethyl-2,5-bis(6-trimethylsilyl-3-pyridyl)-3,4-diphenylsitacyclopentadiene, 
20 1 ,1 -dimethyl-2,5-bis(6-tertiarybutyl-3-pyr^ 1 ,1-dirnethyl-2,5-bis(6-trimethylsi- 

lylmethyl-3-pyridyl)-3,4-diphenylsilacyclopentadiene, 

1,l-dimethyl-2,5-bis{6-(l-naphthyl)-3-pyridyl}-3,4-diphenylsllacyclopentadien 

1 J-dimethyl-2,5-bis{6*(2-naphthyl)-3-pyridy!}-3,4-diphenylsilacyclopentadiene, 

l.l-dimethyl^^-bisJS-methyl^-pyridylJS^-diphenylsilacyclopentadiene, 
25 1,1 -dimethyl-2,5-bis(6-phenyl-2-pyridyl)3,4-diphenyisilacyclopentadiene l 

1 , 1 -dimethyl-2,5-bis(6-lrimethylsilyl-2-pyridyl)-3 I 4-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl-2,5 -bis(6-tertiarybutyl-2-pyridyl)-3 1 4-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl^.S-bisfS-trimethylsilylmethyl^-py ridylj-S^-diphenylsilacyclopentadiene, 

1 , 1 -dimethyl-2,5-bis{6-(1 -naphthylJ-a-pyridylJ-S^-diphenylsilacyclopentadiene, 
30 1,1 -dimethyl-2 1 5-bis{6-(2-naphthyl)-2-pyridyl}-3 ) 4-dipheny!silacyclope 

Example 384 - 417 

Synthesis of various derivatives 

35 

As for Example 384-417, the following various derivatives can be synthesizedby the similar methods to the method 
in Example 348 except that 2-bromopyridineused in Example 348 was substituted with corresponding halogenoaryls 
and that diphenylethynyldimethylsilane was substituted with corresponding silanes: 

40 1,1 -diethyl-2,5-di(4-pyridyl)-3,4-diphenylsiiacyclopentadiene, 

1 ,1 -diethyl-2,5-di(1 -isoquinolyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -diethyl-2,5-di(2-quinolyl)-3 ) 4-diphenylsilacyclopentadiene, 

1 , 1 -diethy I-2, 5-di(3-quinolyl)-3,4rdipheny Isilacyclopentadiene, 

1 , 1 -diethyl-2,5-di(4-quinotyl)-3,4-diphenylsilacyclopentadiene ( 
45 1 ,l-diethyl-2,5-di(5-quinolyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 "diethyi-2,5-di(S-quinolyl)-3,4-diphenylsilacyc!opentadiene, 

1 , 1 -diethyl-2,5-di(7-quinolyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -diethyl^.S-diCB-quinolyO-S^-diphenylsilacyclopentadiene, 

1 , 1 -diethyl-2,5-di(2-pyrimidyl)-3,4-diphenylsilacyclopentadiene, 
so 1,1 -diethyl-2,5-di(5-pyrimidyl)-3,4-diphenylsilacyclopentadiene ( 

1 ,1 -diethyl-2,5-dipyradyl-3,4-diphenylsilacyclopentadiene, 

1 , 1 -diethyl-2,5-di(3-pyridadyl)-3 J 4-diphenylsilacyclopentadiene, 

1 , 1 -diethyl-2 l 5-di(3-isoquinolyl)-3,4-diphenylsilacyclopentadiene, 

1 ,1 -diethyl-2,5-di(4-isoquinolyl)-3,4-diphenylsilacyclopentadiene, 
55 1,1 -diethyl-2,5 -di(2-quinoxalinyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -diethyl-2,5-di(2-quinazolinyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -diethyl-2,5-di(3-cinnolinyl)-3,4-diphenylsilacyclopentadiene, 

1 , 1 -diethyl-2,5-di(9-acrydinyl)-3,4-diphenylsilacyclopentadiene, 
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. 1 J<tfethyi-2,5-bis(2A5,6Metr^ 
1 JiHdiethyl-2,5^isC6^othyl-3-pyridyi)-3,4Hdipheny^ 
1 l 1^!ethy!-2,5-bis(6-phenyir3,pyridy!)-3 v 4^ . 
1 p 1 KJiethyh^S-bisCS-trimethylsilyl^ 
* ■ tvl ^iiethyl-2, 5 ^is(6-terte^ • 
1,1<iiethyJ^^ 

1,1<«Gthyl-2,5-bis{6~(1^apm 
• 1 Ji<fiethyl-2.5-bis{6-(2^aphthyih^^ 

1 J <Jiethy!-2,5-bis(6-methyl-2-pyridy^ 
10 1.1^iethyl-2,5-bis(6-pheny^ 

1 -.1'<Nethylr2,5^ie(6-trim^ 1 .l-diethyl^/S-bi^tertiarybutyl- 

2-pyrfdyl)-3 l 4-diphonylsiracyclopentadiene > I J ^diethyl-2,5-bis(6-trime^ 

cyclopehtadiene, . - ; .. 

1 ,lHdiethyl-2,5-bis{6-(1 -naphthy^^-pyridy^S.^iphenylsllacyclopdntadiene, 
is 1.1-diethyl-2^bis{6-(2Hiaphthy^ 

Example 4H8 - 451 

Synthesis of various derivatives. . 
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As for Examples 418 - 451 „ the following various derivatives can be synthesized bythe similar methods to the 
method in Example 348 except that 2^bromopyridine used in. Example $48 was substituted with corresponding halbg- 
enoaryls arid that diphenylethynyldimethylsilane was substituted with correspondih 9 siianes: . 

25 1,1^'phenyl-2^ 

1.1<Jjphenyl?2;5Ki^ " i 

T, Vdiphenyl-2,5^i(2^uinoiyl)-3^d!phenylsiiacyclo^ 
1 , 1 -dphenyl-2,5-di(3Hiuta 
l,1<li>heriyl-2 l 5^^ 

30 l,1-d^enyl-2<^^ - 

1,1l<Jipheny^2,5^^ . 

1; , tHdfchen^ 

1,1>dlpheny!-£,5^r(2^D^^ -V"i : -- - ■ 

• -T;t^ : ... \ = : i : V. 

1 J^(j^enyj*2,5H^ V - 4 

1 1 11 ^|>henyi.2;5^I(4-feoqu^ 
io - 1/fi^foenyt*2;5^r(2^ . 

lijHrtphenyi-^S-d^^ - 
1i,1i-diphenyl-^^ 

4* .1 r 1 ^iphenyl-2,5^ 

1 , f <iiphenyj-2,5^is(6*p^e^^ . 
l.jKiiphehyl-2^ \ 
. 1.1^phenyl-2;5-bis(64ertiarybutyI-^ : 
2>5-bis(6-tertiarybutyl^^ 1 ,1 rdiphenyl-2, 5-bis{6-( 1 -naphmyl)-2-pyridyl}- 

3,4-dphBnyisiIacyclopentadiene, 1 , 1 -diphenyl-2,5-bis{6-(2 4Taphthyl)-2^yridy1>3,^ 
l,-t^iphenyf : 2;5^ 

1.1 Hdiphenyt-2,5 -bis(6-phenyl-2-pyrkiy 0-3,4^ipherylsilacyclopentadiene r 
t;1-diphenyl-2 l 5-bis(^trfmethyls^^ . 
1 , 1 -diphenyl-2,5-bis(6-tertiaiybuthy l-2-pyridy^^^ 

1,lHd(phenylr2,54Dis(6-trimemylsllylmett^ . 
M-dphenyl-2,5^is{6<t-n^ '. - 

1 , 1 H3iphenyt-2,54>is{6-(2-naphthyl)-2i3yr^ 



so 



ss 
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Example 452 - 485 

Synthesis of various derivatives 

As for Examples 452 - 485, the following various derivatives can be synthesized by the similar methods to the 
method in Example 348 except that 2-bromopyridine used in Example 348 was substituted with corresponding halog- 
enoaryls and that diphenylethynyldimethylsilane was substituted with corresponding silanes: 



70 
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40 



45 



50 



55 



1 -ethyl 
1 -ethy 
1 -ethyl 
1 -ethyl 
1 -ethyl 
1 -ethyl 
1 -ethy 
1 -ethy 
1 -ethy 
1 -ethyl 
1 -ethyl 
1 -ethyl 
1 -ethy 
1 -ethy 
1 -ethyl 
1 -ethyl 
1 -ethyl 
1 -ethyl 
1 -ethy 
1 -ethy 
1 -ethyi- 
1 -ethyl 
1 -ethyl 
1 -ethy 
1 -ethy 
1 -ethy 
1 -ethyl 
1 -ethyl 
1 -ethy 
1 -ethy 
1 -ethyi 
1 -ethyl 
1 -ethyl 
1 -ethy 



l-methyl-2,5-di(4-pyridyl)-3,4-diphenylsilacyclopentadiene, 

I -methyl-2,5-dt(1 -isoquinolyl)-3,4-diphenylsilacyclopentadiene, 

l-methyl-2,5-di(2-quinoly[)-3,4-diphenylsilacyclopentadiene; - • • 

l-methyl-2 t 5-di(3-quinoiyl)-3,4-diphenylsi]acyc!opentadiene, 

l-methyl-2,5-di(4-quinolyl)-3,4-diphenylsilacyclopentadiene > 

l-methyl^^-diCS-quinolylJ-S^-diphenylsilacyclopentadiene, 

I -methyl^S-difG-quinolyiJ-S^-diphenylsilacyclopentadiene, 

l-methyl^.S-diCy-quinoiylJ-S^-diphenylsilacyclopentadiene, 

l-methyl-2,5-di(8-quinolyl)-3,4-diphenylsilacyclopentadiene, 

l-methyl-2,5-di(2-pyrimidyl)-3 1 4-diphenylsilacyclopentadiene > 

1 -methyl-2,5-di(5 -pyrimidyl)-3,4-diphenylsilacyclopentadiene, 

1-methyl-2,5-dipyradyl-3,4-diphenylsilacyclopentadiene, 

1-methyl-2,5-di(3-pyridadyl)-3,4-diphenylsilacyclopentadiene, 

t-methyl^.S-diCS-isoquinolyO-S^-diphenylsilacyclopentadiene, 

1-methyl-2 > 5-di(4-isoquinolyl)-3,4-diphenylsilacyclopentadiene, 

1-methyl-2,5-di(2-quinoxalyl)-3,4-diphenylsilacyciopentadierie > 

1 -methyl-2,5-di(2-quinazolyl)-3 > 4-diphenylsilacyclopentadiene, 

l-methyl-^.S-ditS-cinnoly^-S^-diphenylsilacyclopentadiene, 

1-methyi-2,5-di(9-acrydyl)-3 > 4-diphenylsilacyclopentadiene t 

1-methyl-2 J 5-bis(2 l 3,5 l 6-tetrafluoro-4-pyridyl)-3,4-diphenylsilacyclopentadiene l 

1-methyl-2,5-bis(6^methyl-3-pyridyl)-3,4-diphenylsilacyclopentadiene, 

1-methyl-2,5-bis(6-phenyl-3-pyridyl)-3 > 4-diphenylsilacyclopentadiene l 

l-methyl^.S-bisje-trimethylsilyl-S-pyridylJ-S.A-diphenylsilacyclopentadiene, 

1-methyl-2 ) 5-bis(6-tertiarybutyl-3-pyridyl)-3,4-diphenylsilacyclopentadiene, 

1-methyl-2 ) 5-bis(6-trimethylsilylmethyl-3i3yridyl)-3,4-diphenylsilacyclopentadiene l 

l-methyl^.S-bisfe-fl-naphthylJ-S-pyridylJ-S^-diphenylsilacyclopentadiene, 

1-methyl-2 t 5-bis{6-(2-naphthyl)-3-pyridyl}-3,4-diphenylsilacyclopentadiene, 

1-methyl-2,5-bis(6-methyl-2-pyridyl)-3,4-diphenylsilacyclopentadiene l 

1-methyl-2,5-bis(6-phenyl-2-pyridyl)-3 > 4-diphenylsilacyclopentadiene, 

t-methyl^.S-bisfS-trimethylsilyl^-pyridylJ-S^-diphenylsilacyclopentadiene, 

1-methyl-2,5-bis(6-tertiarybutyl-2-pyridyl)-3 l 4-diphehylsilacyciopentadiene, 

1-methyl-2,5-bis(6-trimethylsilylmethyl-2-pyridyl)-3,4-diphemylsilacyclopentadiehe, 

l-methyl^.S-bisfS-tl-naphthylJ^-pyridyO-S^-diphenylsilacyclopentadiene, 

1-methy!-2,5-bis{6-(2-naphthyl)"2-pyridyl)-3,4-diphenyIsilacyclopentadiene. 



Example 486 - 519 

Synthesis of various derivatives 

As for Examples 486 - 519, the following various derivatives can be synthesized by the similar methods to the 
method in Example 348 except that 2-bromopyridine used in Example 348 was substituted with corresponding halog- 
enoaryls and that diphenylethynyldimethylsilane was substituted with corresponding silanes: 

1-tertiarybutyl-1-phenyl-2,5-di(4-pyridyl)-3,4-diphenylsilacyclopentadiene l 

1 -tertiarybutyl-1 -phenyl-2,5-di(1 -isoquinolyl)-3,4-diphenylsilacyclopentadiene, 1 -tertiarybutyl- 1 -phenyl-2,5-di 
(2-quinolyl)-3,4-diphenylsilacyclopentadiene, 

1 -tertiarybutyl-1 -phenyl-2,5-di(3-quino!yl)-3,4-diphenylsilacyclopentadiene, 
1-tertiarybutyI-1-phenyl-2,5-di(4-quinolyl)-3,4-dipheny1silacyclopentadiene, 
1 -tertiarybutyl-1 -phenyl^.S-difS-quinolyO-S^-diphenylsilacyclopentadiene, 
1 -tertiarybutyl-1 -phenyl-2,5-di(6-quinolyl)-3,4-diphenylsilacyclopentadiene, 
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1 -tertiarybutyM -phenyl-2,5Hdi{7<|uinolyO-3,4-diphenylsilacyc!opentadiene 1 
1-tertiarybutyM-phenyi^2,5-di(8-quino^^ 
1 -tertiarybutyM -phenyl-^S-di^-pyrimidylJ-S^-diphe 
l^ertiaiybiityM-pheny^,^^ 

5 -MertiarybuthMiDhenyl-^S^ 
1 -tertiarybutyM -phenyl-2,5-di(3-^^ 

1-tertkrybuthl-1i-phenyl-2 ( 5Hji^ - 
1 -tertiarybutyM -phenyl-2,5Kji(4-iTOquirioty 
1-tertiaiybutyM^hehyl-2>5-di(2-qu^ 
10 1 -tertiarybutyM -phenyl-2,5-di{2-quinazoiyl^ 

t-tertiajybutyM-phenyl-2,^ - ■ 

t-tertiaiybirtyM-phenyl-2,5<li(9-acrycW^ 

140rtiarybmylr1!-ph8nyl-2 l 5-bi8(2,3,5 t 6-tetrafluoro^-pyr^ . 
1rtGrtiarybutyl-1-phenylr2 l 5-bis(6-methyl-3-pyridyl^^^ .: 
is 1 -tertiarybutyM -phenyl^.S-bisCS-phen^ 

1 -tertiarybutyM -phGnyl-2 t 5-bis(6-trimGthyisilyl-3-py 
1 -tertiarybutyM -phenyls ,5-bis(6-tertiarybuthyi-3-pyridyl)^ 
1 -tertiarybutyM -phenyl-2,5-bis(6-trimeth^^ 

1 -tertiarybutyM -phenyl-2,5-bis{6r(l -naphtylJ-S-pyridylJrS^tdiphenylsiiacyclopentadierie, 
20 1-tertiarybuty!^1-phenyI-2,5-bis{6-(i2-naph 

1 -tertiarybutyl-1 -phenyl-2,5-bis(6-methy l^2 : pyridyI)-3,4Hiiphenylsilacyclopentadiene l 
1 -tertiarybutyM -phehyl-2,5-bis(6-phenyl-2-p^ 

1 -tertiarybutyM -phenyl-2,5-bis(6-trime^ . : 

14ertBrybutyM-phenyi-2,5-bis(6-te^ 

6 1-tertiaj^utyM^ 
1 -tertiarybutyl-1 -phenyl-2,^bis{6-(i:-naphthyl)-2-pyri^ • 
MertiaiybirtyM-phenyl^.S-^ • 

Example520 . . % 

Synthesis of 5,5'<!imethyM,1 ,1V 1! MetiHethy!-3,3' A4Meti^heriyl- 2,2'- ^icycfbpentadiene r 

To 2Gml) ot a solution 3,3. , ,4 1 4 , -tetraphGnyi-2 t 2 , -blcyclbpenta- 
dlene dissolved in diethyl ether, 4ml oflM/nethyl lithium solution f ra diethyl! ether is added under a nitrogen atmosphe real 
aff -7S*C. After stfrtif for 1i hour, 10ml of. a soiutlon containing OAg oC-dtoethy! iddfcte jm cfiethyl ether fa addekf difapwiee 
and! stirred at the - room temperature tor one night Water is added to the sol ution and the sol ution is extracted wfth 
\ diethyl: ethers Furthermore, the ether foyer Is washed wftfi water; thereafter dried wftfo magnesium sulfate* and concen- 
trated. After purify-hg the- obtained conoentrated solution by means of a Column chromatography; reccystafjfzation from 
a mbted solvent of hexans and ethyl acetate is carried out,, to qbter WS, S'-dlmethyM ; 1 ,1 Mi -tetraethy 1-3,3;, 4,4Mietraphe- 
*a nyi-^,^- bicyctopentadlene. ft is in formi of tight yellow neddfe crystals. '? ; ■ * 

Example521 . , ;• -. - : „ .* « 

Synthesis of 1 .2-bis(1-methyl-2,3 f 4,5-tetraphenylsilac^clopentadienyl)etha^ 

46 

1 , 2-bis(1-methyl-2, 3,4, 5-tetrapheriylsilacyctopentadienyl)ethane can be synthesized by the method in accordance 
with Example 1; except that bisphenyi-ethynyldimethylsilane used in Example 11 was substituted with 1 t 2-bis(bis{phenyl- 
ethynyi)methyls(lyl) ethane. • 

so. Example 522 ~ 544 . \ ■ 

Synthesis of various derivatives 

As for Examples 522 - 544, the following various derivatives can be synthesized! by the similar methods to the 
55 method in Example 1 except that bromobenzene used in Example 521 was substituted with corresponding halogenoar- 

■yls:. ■■ • 

1 ,2-bis{1 -raethyl-2,5-bis{2-methylphenyl)-3^ 
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1,2-bis{1-methyl-2,5-bis(3-methylphenyl)-3,4 

1 ,2-bis{1-methyl-2,5-bis(4-methylphenyl)-3,4Hdiphenylsilacyclopentadienyl}ethane l 

1,2-bis{1-methyl-2,5-bis(2-fluorophenyI)-3,4-diphenylsilacyc!opentadienyl}ethane, 

1,2"bis{i-methyl-2,5-bis(3-fluorophenyl)-3,4-diphenylsilacyclopentadi8nyl}ethane ) 

£ . 1 ,2-bis{l-methyl-2,5-bis(4-fluorophenyl)-3,4-diphenylsilacyclopGntadienyl}ethane, 
. l l 2-bis{1-methyl-2,5-bis(2-metho>cyphenyl)-3,4-diphenylsilacyclopentad 
l^-bistl-methyl^.S-bisCS-methoxyphenyO-S^-diphenylsilacyclopentadienylJethane, 
1,2rbis{1-methyl-2,5-bis(4-methoxyphenyl)-3,4-diphenylsilacyclopentadienyl}ethane, 
1 ,2-bts{1-methyl-2,5-bis(2-cyanophenyl)-3,4-diphenylsilacyclopentadienyl}ethane, 

10 l,2-bis{1-methy1-2,5-bis(3 -cyanophenyl)-3,4-diphenylsilacyclopentadienyl}ethane. 

- 1 t 2-bis{1-methyh2,5-bis(4-cyanopheny^ 

1 ,2-bis{1-methy!-2 l 5-di(2-biphenyl)-3 J 4-dihenylsiiacyclopentadienyl}ethane I 
1,2-bis{1-methy|-2,5-di(3-biphenyl)-3,4-diphenylsiIacyclopentadienyl}ethane, 
1 ^-bistr-methyl^^-difA-biphenyO-S^-diphenylsilacyclopentadienylJethane, 

15 1 ^-bistl-methyl^.S-dKI-naphthyO-S^-diphenylsilacyclopentadienylJethane, 

1,2-bis{1-methyl-2,5-di(2-naphthyl)-3,4-diphenylsilacyctopentadienyl}ethane l 
l^-bisil-methyl^^-bistS^-difluorophenylJ-S^-diphenylsilacyclopentadienyl} ethane, 
l^-bisfl-methyl^.S-bistS^.S-trifluorophenyO-S^-diphenylsilacyclopentadienylJethane, 
1,2-bis{1-methyI-2,5-bis(2A4,5 l 6-pentafluoroph 

20 1,2-bis{1-methyl-2,5-bis(2-trifluoro^ 

1,2-bis{1-methyl-2,5-bis(3-trifluoromethylph and 
1 t 2-bis{1-methyl-2,5-bis(4-trifluorometh^^ 



25 



35 



Example 545 

Synthesis of 1 ,2-bis{1 -methyl-2,5-di(2*pyridyl)-3,4-diphenylsilacyclopentadienyl}ethane 



1 l 2-bis{1-methyl-2 l 5Hdi(2-pyridyl)-3,4-diphenylsilacyclopentadienyl}ethane wassynthesized by the method in ac- 
cordance with Example 34B except that bisphenylethyhyldimethylsilane used in Example 34B was substituted with 
30 l,2-bis{bis(phenylethynyl)methylsilyl}ethane. 

Example 546 - 570 

Synthesis of various derivatives 



As for Examples 546 - 570, the following verious derivatives can be synthesiz-ed by the similar methods to the 
method in Example 545 except that 2-bromopyridine was substituted with corresponding halogenoaryls: 



1 l 2-bis{1-methyl-2,5-di(3-pyridyl)-3,4-diphenylsilacyclopentadienyl]ethane, 

40 1 ,2-bis{1 -methyl-2,5-di(4-pyridyl)-3 ) 4-diphenylsilacyclopentadienyI}ethane 1 

1 ,2-bis{1 -methyl-2,5-di(2-quinolyl)-3.4-diphenylsiiacyclopentadienyl}ethane, 
1 ,2-bis{1-methyl-2,5-di(3-quinolyl)-3,4-diphenylsilacyclopentadienyl}ethane > 
1,2-bis{1-methyl-2,5-di(4-quinoiyl)-3,4-diphenylsilacyclopentadienyl}ethane, 
1 l 2-bis{1-methyl-2,5-di(5-quinolyl)-3,4-diphenylsilacyclopentadienyl}ethane > 

45 1 ,2-bis{1-methyl-2,5-di(6-quinolyl)-3,4-diphenylsilacyclopentadienyl}ethane, 

1,2-bis{1-methyl-2,5-di(7-quinolyl)-3,4-diphenylsilacyc!opentadienyl}ethane l 
1,2-bis{1-methyl*2,5-di(8-quinolyI)-3.4-diphenylsilacyclopentadienyl}ethane, 
1,2-bis{1-methyl-2,5-di(1-isoquinolyl)-3,4-diphenylsilacyclopentadienyl}ethane, 
l^-bisil-methyl^.S-bisfS-methyl^-pyridyO-S^-diphenylsilacyclopentadienyllethane, 

50 1 l 2-bis{1-methyl-2,5-bis(5-phenyl-2-pyridyl)-3,4-diphenylsilacyclopentadienyl}ethane. 

1 ,2-bis{1 -methyl-2,5-bis(6-methyl-3-pyridyl)-3 } 4-diphenylsilacyclopentadienyl}ethane, 
1,2-bis{lHTiethyl-2,5-bis(6-phenyl-3 -pyridyl)-3,4-diphenylsilacyclopentadienyl}ethane, 
1,2-bis{1-methyl-2 } 5-bis(2 l 3,5 l 6-tetrafluoro-4-pyfldyl)-3,4-diphenylsilacyclopentadienyI}eth 
1,2-bis{1-methyl-2 l 5-di(2-pyrimidy1)-3 t 4-diphenylsiiacyclopentadienyl}ethane; 

55 1,2-bis{1-methyl-2,5-di(5-purimidyl)-3,4-diphenylsilacyclopentadienyl}ethane l 
1,2-bis(1-methyl-2,5-dipyradyl-3 J 4-diphenylsilacyclopentadienyl)ethane, 
1,2-bis{1-methyl-2 J 5-di(3-pyridadyl)-3,4-diphenylsilacyclopentadieny!}ethane, 
1 ,2-bis{1-methyl-2 ) 5-di(3-isoquinolyl)>3 l 4-diphenylsilacyclopentadienyl}ethane, 
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1 , 2-bis{1 -methyl-^S^KA-is^ 
1 ,2-bi6{l^ethyl-2,5^ 
1,2-bis{1-methyl-2,5^r(2^^ 
1 ,2-bis{1 -methyl-2,5<ii(3-c^ 
s 1.2-bte{lHmethylr2 ) 5<IiC9^ctydyl)-3 i ^ 

Example 571- 

Synth'osfs of' 9,9<fi(1.-naphthy0dlbenzdsllol, . 

10 ' - . . • . ' "O." .-. .." •;. 

To 1 0ml of a solution containingi 0;62g; of 2,2 , <libroraobipheny i dissolved in diethyl ether, 5ml of 1 .6N normal butyl 
lithium solution in hexans was added drop wise at.O °C , After stirring, for .1 hour, 1 0mI of a solution containing 0.51 g 
of di(1 -naphthy l)dich iorosilane in diethyl etherwaa refluxed for one day. After the solution was cooled; watsr was added 
to it. The solution was extracted! with diethyl! ether, thereafter dried witir magnesiums ulphate and concentrated the 

is solution of diethyl ether. After purifying, the obtained concentrated solution by means of a column chromatography, 
distilled and recrystallization from ethanol^ta^tained 800mg of 9.9Tdi(1.*naphthyl)diben2dsibi; 

Example 572 ~ 598 ; . ; -j ■ 

20 Synthesis of various derivatives . 

As for. Examples 572 - 598, the following various derivatives can be synthesized by the similar methods to the 
method in; Example 571 except that di(1 -naphthyl) dichldrosilane used in Example 571 was substituted with corre- 
sponding siianes: 

.25 . ' ' ■ 

9,9-di(2-naphthyl)dibenzosilpl, 
9,9-bis(2^methyl-t-naphthyl)dibenzosiloi, 

9 I 9-di{2-quinolyl)dibenzosilol, V; 
9;9-di(3 <juiholyl)d]benzosilbl^ , 
30 9, 9-di(4nqu inolyl)dibenzosilo{, • '■ > 

9,9<li(5-qufcnolyl)dibenzosnol, 
9,9-dl(6H|uinolyi)dibenzo8itor l 

9,9^i(7-quinolyli)dibenzoeHol, * 
a? g^^^vb^enyOo^eraoetrol, 

■ - 9 *0K*J(3hbipheny ^ \ \* •-. y.. : .»■- -. - - "[:> .. . */.-♦■ 

9,,9-bfe^4M!uoro>^i^ 

*o 9 J 9^dbenzothiazofyfdibenzo8flot ■« 

• 9:pfaeny£-942^napj^^ 

P^henyl-g-fl-na^thyOdlbentoeilC)!,, . , 4 

9-phenyi-9-(4-bij3henyi)d!benzosiroi„ - 

^phenyl^S^quinolylJdibenzosilol, 
46 9-(4-biphenyl)^-(2Hiaphthyl)cDbenzo8iloi,: * /> , ' 

9-(4-bipheny!^(1i^^ - 

9-(4-biphenyl) ^-^(a^quinoiyOdibenzosilbi, r "... . " - . 

9-(4>biphenyl)-9-(3 -tolyl)dibenzosiiol, . .. ." 

9-(1 -naphty l)-9-(^naphthyl)dibenzosiibi. . 
so 9-(4-fluorophenyl)-9-(1-naphthy0djbenzdsiloI. : - % - 

9-(3,4<imuoropfoe^ .: . 

9-(3,4,5^tnfluorophenyl)-9-(2-naphthy0dtoenzc» . 

Example 599 

Synthesis of 2,7-dttertiary-D^ 

2,7-Diterttary-butyl-9 I 9Kji(lHnaphthy0dibenzosilol can be synthesized! by the similar method to the method in Ex- 
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ample 571 except that 2,2* -dibromobi phenyl used in Example 571 was substituted by 2,2' -dibromo-4,4' -ditertiary- 
butylbiphenyl. 

Application Example 1 

5 

A substrate (made by Tokyo Sanyo Shinku Co. Ltd.) which was obtained by coating indium tin oxide (ITO) on a 
glass substrate of 25 mm x 75 mm x 1 .1mm at the thickness of 50 nm by means of vacuum evaporation was used 
as a transparent supporting substrate. The transparent supporting substrate was fixed to a substrate holder of a com- 
mercially available vacuum evaporator (made be Shinku Kiko Co., Ltd.), TPD was added into a quartz crucible, 1,3-di 
10 (9-anthryl)-2-(9-carbazolylmethyl)-propane (AnCz) was added into an another crucible, the compound obtained in Ex- 
ample 349 (PSP) was added into ah another crucible, and then a pressure in a vacuum tank was decreased to 1 x 
KHPa 

The crucible containing TPD was heated and vacuum evaporated, to obtain the film thickness of 50 nm. Then, the 
crucible containing AnCz was heated and vacuum evaporated, to obtain the film thickness of 20 nm. Finally, the crucible 
is containing PSP was heated and vacuum evaporated, to obtain the film thickness of 50 nm. The vacuum evaporation 
rates were from 0.1 to 0.2 nm/sec. 

Thereafter, the pressure in the vacuum tank was decreased to 2 X 1 0^Pa, then magnesium was vacuum evapo- 
rated at the vacuum evaporation rate of from 1 .2 to 2.4 nm/sec. from a graphite crucible and simultaneously silver was 
vacuum evaporated at the vacuum evaporation rate of from 0.1 to 0.2 nm/sec. from an another crucible. Under the 
20 conditions described above, a mixed metallic electrode of magnesium and silver was laminated at 200nm on a lumi- 
nescent layer by vacuum evaporation to obtain a reference electrode, from which an element is formed. 

Once direct voltage of 5 V was applied to the obtained element by using the ITO electrode as an anode and the 
mixed electrode of magnesium and silver as a cathode, electric current of about 30 mA/cm 2 was flown to obtain green 
luminescence of 1100 cd/m 2 . 

25 

Comparative Example 1 

An element was made by the similar method to Application Example 1 except that the silacyclopentadiene deriv- 
ative used in Application Example 1 was substituted by the compound expressed by the following Chem. 37. Once 
30 direct voltage of 13 V was applied to the obtained element, electric current of 10 mA/cm 2 was flown to obtain green 
luminescence of about 80 cd/m 2 . 

Ph 3 SiSiPh 3 

35 

Comparative Example 2 

An element was made by the similar method to Application Example except that the silacyclopentadiene derivative 
used in Application Example 1 was substituted by the compound expressed by the following formula XXIII. Once direct 
40 voltage of 8 V was applied to the obtained element, electric current of 70 mA/cm 2 was flown to obtain green lumines- 
cence of 1 300 cd/m 2 . 



45 



50 




-■• (xxnr) 
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Application Example.2 

A substrate which was obtained by coating ITO on a glass substrate of 25mm X 75mm X .1.1 mm, at the thickness 
of 50nmi by means of vacuum evaporation was used as a transparent supporting substrate. The transparent supporting 
5 substrate was fixed to a commercially available spinner (made by Kyoei Semiconductor Co. Ltd.) , and a solution 
containing 50 parts by weight of polyvinyl carbazole, 50parts by weight of silacyclopentadiene. derivative obtained in 
Example 348 and 1 part by weight of coumarine 6 (Kodak) in tol uene was coated at 5000 rpm. Thereafter, the substrate 
was dried at 50 D C under a decreased pressure of 10 * Pa, and then fixed to a substrate holder of a vacuum evaporator. 
Thereafter, a pressure in a vacuum tank was decreased to 2 x 1 0-^Pa. then rriagnesi urn was vacuum evaporated 
10 at the vacuum, evaporation rate, of from 1.2 to 2.4 nm/sec. from a graphite crucible and simultaneously silver was 
vacuum evaporated at the vacuum evaporation rate of from 0.1 to 0.2 nm/sec. from an another crucible. Under the 
conditions described! above, a mixed metal He electrode of magnesium and silver was laminated at 200 nm on a lurtif- 
nescent layer by vacuum evaporation to obtain a reference electrode, from which an element is formed 

Once direct voltage of 9 V Was applied! to the obtained element by using the ITO: electrode as an anode and the 
is mixed electrode of magnesium and silver as a cathode, electric current of about 100 mA/cm 2 was fldwn to obtain green 
luminescence of 1000 cd/m 2 . 

Application Example 3* . .. 

20 ™ e substrate used In Application Example 1 was fixed to a substrate holder, then TPD was added into a quart* 

crucible, the compound obtained in Example 349 was added iro ah another crucible^ andDCM (Kodak^was added in 
a still another crucible; and a pressure in a vacuum tank was decreased to 1 X lO^Pa; , 

The crucible containing TPD was heated and vacuum evaporated to obtain a film thickness of 50 nm. Then, the- 
crucibles continuing the above-mentioned compound and DCM respectively were heated and! vacuum co-evaporated 
26 t° obtain a film thickness of 50nm. At that time, the concentration of DCM was controlled to 1 % by weight ofthe above- 
mentioned compound. Thereafter, the pressure in the vacuum tank was decreased to 2 X 1 O^Pa, then magnesium 
was vacuum evaporated at the vacuum evaporation rate of from 12 to 2.4 nm/sec. from a graphite crucible and" simul- 
taneously silver was vacuum evaporated at the vacuum evaporation rate of from 0.1 to 0.2 nm/sec. from an another 
crucible. Under the conditions described above] a mixed metallic electrode of magnesium and silver was laminated dt 
30 200 nm on a luminescent layer by vacuum evaporation to obtain a reference electitode, from which an element is formed. 

Once direct voltage of 5 V was applied to the obtained! element by using tie ITO electrode as an anode ahd the 
.. mixed electrode of magnesium and silver as a cathode; electric current of about 30 mA/cm? was flown to obtain reddish 
orange luminescence of 1200 cd/m*. - 

35 Application Example 4 

A substrate (madie^by Tokyo Sanyo Sfafrita Go. LtcL) which) was obtained by cealin g ITO am a glass substrate of 
25rtim.X« ?5mn*<X 1:trrjm at 1ft© thickness of SOnmi by mean® of vacuum: evaporation was used as a transparent 
suD^octirtg! substrate. The transparem supporting substrate was fixed to a substrate; hofder of a commercially available 
40 vacuum evaporator (made be Sh inktr Kiko Co. UsL.% TPD - was added int& a quartz crucible/ 11 ^1^1,2,3,4, 5-pentaphe- 
nyl eifacyefopenfadiene (APS) was added into an another crucible, and then a pressure in a vacuum tank was decreased 
to 1 x 10r*Pa. ' • 

The crucible containing .TPD was heated and) vacuum; evaporated; to obtain the film thickness of 50 nm. Then, the 
crucible.containing ATS was heated! and vacuum evaporated, to obtain the film thickness of 50 nm. The vacuum evap- 
45 oration rates were from 0. 1 to 0.2 nm/sec: 

Thereafter, the pressure in the vacuum tank was decreased to 2 X lO^Pa, then magnesium was vacuum evapo- 
rated' Sit the vacuum: evaporation rate of from 1,2 to 2.4 nm/sec. from a graphite cruefole and! simultaneously silver was 
vacuum evaporated at the vacuum evaporation rate of from- 0.1 to 0.2 nm/sec. from . an another crucible. Under the . 
conditions described above, a mixed metallic electrode, of magnesium and silver was laminated at 200 nm on a lumi- 
50 nascent layer by vacuum evaporation to obtaim a reference electrode, from which an element is formed. 

Once direct voltage of 17 V was applied to the obtained element by using the ITO electrode as an anode and' the 
" mixed electrode of magnesium and silver as a cathode, electric current of about 1 00 mA/bm 2 was flown to obtain green 
luminescence of 600 cd/m 2 . Luminescent, wave length was 503 nm. 

ss Application Example 5 

An element was made by the similar method to Example 4 except that APS used therein was. substituted by 1 -hy- 
droxy-!, 2,3.4, 5-pentapheny I silacyclopentadiene. Once direct voitage of 17 V was applied to the obtained element, 
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electric current of about 300 mA/cm 2 was flown to obtain green luminescence of about 500 cd/m 2 . Luminescent wave- 
length was 516 nm. 

Application Example 6 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 
1 , 1 -dimethyl-2,5-bis(3-methyiphenyl)-3,4-diphenyl silacyclopentadiene. Once direct voltage of 1 3 V was applied to the 
obtained element, electric current of about 800 mA/cm 2 was flown to obtain greenish blue luminescence of about 1000 
cd/m 2 . Luminescent wavelength was 4B8 nm. 

Application Example 7 - • - 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 
1 ,1 -dimethyl-2,5-bis(3-trifluoromethylphenyl)-3,4-diphenyl silacyclopentadiene. Once direct voltage of 4 V was applied 
to the obtained element, electric current was flown to obtain green luminescence. 

Application Example 8 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 
1 , 1 -dimethyl^.S-bisfS-pyridyO-S^-diphenyl silacyclopentadiene. Once direct voltage of 4 V was applied to the obtained 
element, electric current was flown to obtain green luminescence. 

Application Example 9 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 
1 ,1 -dimethyi-2 1 5-bis(2-pyridyl)-3,4-diphenyl silacyclopentadiene. Once direct voltage of 9 V was applied to the obtained 
element, electric current of about 100 mA/cm 2 was flown to obtain green luminescence of about 500 cd/m 2 . 

Application Example 10 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 1 -me- 
thyl-1-phenyl-2,5-bis(3-pyridyl)-3,4-diphenyl silacyclopentadiene. Once direct voltage of 10V was applied to the ob- 
tained element, electric current of about 300 mA/cm2 was flown to obtain green luminescence of about 900 cd/m2. 

Application Example 11 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 1 ,1 -di- 
isopropyl-2,5-bis(3-pyridyl)-3,4-diphenyi silacyclopentadiene. Once direct voltage of 11 V was applied to the obtained 
element, electric current of about 100 mA/cm 2 was flown to obtain green luminescence of about 200 cd/m 2 . 

Application Example 12 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 
1 ,1-dimethyl-2,5-bis(2-thienyl)-3 ) 4-diphenyl silacyclopentadiene. Once direct voltage of 3.5V was applied to the ob- 
tained element, electric current of about 30 mA/cm 2 was flown to obtain green luminescence of about 30 cd/m 2 . 

Application Example 13 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 1 ,1 -di- 
isopropyl-2,5-bis(2-thienyl)-3,4-diphenyl silacyclopentadiene. Once direct voltage of 3.5V was applied to the obtained 
element, electric current was flown to obtain yellowish green luminescence. 

Application Example 14 

An element was made by the similar method to Example 4 except that APS used therein was substituted by 
1,1-dimethyl-2,5-bis(5-tertiary-butyldiphenylsilyl-2-thienyl)-3,4-diphenyl silacyclopentadiene. Once direct voltage of 
12.5V was applied to the obtained element, electric current of about 600 mA/cm 2 was flown to obtain yellowish green 
luminescence of about 2000 cd/m 2 . Luminescent wavelength was 551 nm. 
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Application Example- 15 

An element was made by the similar method to Example 4 except that APS used therein was substituted by TTSTT 
Once direct voltage of 4 V was applied to the obtain edi element, electric current of about 10 mAfcm 2 was flown to obtain 
orange luminescence of about 1 cd/m 2 . 

Application. Example 16 >. 

An element was made by the similar method to Example 4 except that APS usedtherein; was substituted by 9,9' 
-silaspirobifluorene. Once direct voltage of 13 Vwas applied to the obtained element, electric current of about 300 mPJ 
cm 2 was flown -to obtain violet luminescence of about 50- cd/m 2 . Luminescent spectra were completely agreed with 
fluorescent spectra of TPD vacuum evaporated film, and luminescent wavelength was 405 nm. 

Application Example 17 

The transparent supporting s ubstrate used in Example 4 was fixed to a substrate holder of a commercially available 
vacuum evaporator, TPD was added into a quartz crucible, APS was added into an another crucible, 4,4' -bis(2,2-diphe- 
nylvinyl)biphenyl (DPVBi) was added into an another crucible, andi then a pressure in a vacuum tank was decreased 
to 1 X 1 0- 4 Pa ; The crucible contain ihgi TPD was heated and vacuum, evaporated, to obtain the film thickness of 50 
nm. Thereon, the crucible containing DPVBi was heated and vacuum evaporated, to obtain the film thickness of 20 
nm, and thereon the crucible containing; ATS was heated and vacuum, evaporated, to obtain the film thickness of 50 
nm. The- vacuum evaporation rates were from 0.1 to 0.2 nm/sec. 

• Thereafter/the pressure in the vacuum tank was decreased to 2 x HO^Pa, then magnesium was vacuumi evapc-" 
rated. at the vacuum evaporation rate of from 1.2 to 2.4 nm/sec. from a graphite crucible andi simultaneously silver was 
vacuum evaporated at the vacuum evaporation rate of from 6.1 to 0.2 nm/sec. from an another crucible. Under the 
conditions described! above, a mixed metallic electrode of magnesium and sliver was laminated at 200 nm oh a lumi- 
nescent layer by vacuum evaporation to obtain a reference electrode, from which an element is formed; 

. Once direct voltage was applied to the obtained element by using the lit) electrode as an anode and the mixed 
electrode of magnesium and silver as a cathode, electric current was f town to obtain blue luminescence; Luminescent 
spectrai were completely agreed with fluorescent spectra of. DPVBi vacuum evaporated film. 

Application) Example 1i& 

An element was made % " th a similar method to i=xampl& 117 except that APS used] theralni ^vas substituted by 
TTSTT. Once direct voltage of fu$ V was applied] tothe- o&tafrted ©lemem* electric current of aboultOO mAfei# was 
flown to obtain bfue luminescence. Application Example 19 . . . - 

- Art eJetnent was made fertile similar mefliod to Example 17 eitoeirt-lhat'i^^use^the^ was wbmvteki\ by 
tj^iimethyirg,^ silacyclopentadrerte. Once direct voltage ot 9V was applied fe» thtf 

obtained element, electric current of about 100 mA/cm* was flown to obtain biue luminescence. : *- 

Application! Exampto 20 * . . 

- Ah element was made by the similar method to Example 17 except that APS used therein was substituted by 
II , 1^™ethyt^2,5^is^ silacyclopentadiene. Once direct voltage of TV was applied to the obtained 

element, electric current of about 100 rhA/cm 2 was flown to obtain bf i/e luminescence. 



so 



55 



An element was, made by the similar method to Example 17 except that APS used therein was substituted! by 
1,2rbis(9-methy Wibenzosi direct voltage was applied to the obtained element, electric 

current was flown to obtain blue luminescence. Applbafion Exaniple 22-. ^ 

The transparent supporting substrate used' in Example 4 was-fixed to a substrate holder of a corrimercialfy available 
vacuum evaporator, TPD was added into a quartz crucible, TTSTT was added into an another crucible, Alq was added 
into an another crucible, and then a pressure in a vacuum tank was decreased to 1 X 1 0 4 Pa. 

The crucible containing TPD was heated and vacuum evaporated, to obtain the film thickness of 50 nm. Thereon, 
the crucibles containing TTSTT and Alq were heated and vacuum evaporated, to obtain the film thicknesses of 50nm. 
The: vacuum evaporation rate of Alq was from 0. 1 to 0.2 nm/sec and that of TTSTT was 1/1 00 of Alq! 

Thereafter, the pressure in the vacuum tank was decreased to 2 X 10-* Pa, then magnesium was vacuum evap- 
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orated at the vacuum evaporation rate of from 1.2 to 2.4 nm/sec. from a graphite crucible and simultaneously silver 
was vacuum evaporated at the vacuum evaporation rate of from 0.1 to 0.2 nm/sec. from an another crucible. Under 
the conditions described above, a mixed metallic electrode of magnesium and silver was laminated at 200 nm on a 
luminescent layer by vacuum evaporation to obtain a reference electrode, from which an element is formed. 
5 Once direct voltage of 11 V was applied to the obtained element by using the ITO electrode as an anode and the 

mixed electrode of magnesium and silver as a cathode, electric current of about 900 mA/cm 2 was flown to obtain 
yellowish orange luminescence of about 20000 cd/m 2 . Application Example 23 

An element was made by the similar method to Example 17 except that the vacuum evaporation rate of TTSTT 
used therein was substituted by 3/1 00 of Alq. Once direct voltage of 1 2 V was applied to the obtained element, electric 
10 current of about 900 mA/cm 2 was flown to obtain reddish orange luminescence of about 12000 cd/m 2 . The same 
reddish orange luminescence from the element was observed after the operation for 300 hours. Application Example 24 

An element was made by the similar method to Example 18 except that TTSTT used therein was substituted by 
1,1-diisopropyl-2,5-bis(24hienyl)-3,4-diphenyl silacyclopentadiene. Once direct voltage of 1 0 V was applied to the ob- 
tained element, electric current of about 500 mA/cm 2 was flown to obtain yellow luminescence of about 8000 cd/m 2 . 

15 

Application Example 25 

The transparent supporting substrate used in Example 4 was fixed to a substrate holder of a commercially available 
vacuum evaporator, TTSTT was added into a quartz crucible, and then a pressure in a vacuum tank was decreased 
20 to 1 x lO^Pa. 

The crucible containing TTSTT was heated and vacuum evaporated for TTSTT, to obtain the film thicknesses of 
100 nm. The vacuum evaporation rate was from 0.1 to 0.2 nm/sec. 

Thereafter, the pressure in the vacuum tank was decreased to 2 X 1fr 4 Pa, then magnesium was vacuum evap- 
orated at the vacuum evaporation rate of from 1.2 to 2.4 nm/sec. from a graphite crucible and simultaneously silver 
25 was vacuum evaporated at the vacuum evaporation rate of from 0.1 to 0.2 nm/sec. from an another crucible. Under 
the conditions described above, a mixed metallic electrode of magnesium and silver was laminated at 200 nm on a 
luminescent layer by vacuum evaporation to obtain a reference electrode, from which an element is formed. 

Once direct voltage was applied to the obtained element by using the ITO electrode as an anode and the mixed 
electrode of magnesium and silver as a cathode, electric current was flown to obtain reddish orange luminescence. 

30 

Application Example 26 

The transparent supporting substrate used in Example 4 was fixed to a substrate holder of a commercially available 
vacuum evaporator, TPD was added into a quartz crucible, TTSTT was added into ah another crucible, Alq was added 

35 into an another crucible, and then a pressure in a vacuum tank was decreased to 1 x 1 0" 4 Pa. 

The crucible containing TPD was heated and vacuum evaporated, to obtain the film thickness of 50 nm. Thereon, 
the crucible containing TTSTT was heated and vacuum evaporated, to obtain the film thickness of 10 nm, and then 
the crucible containing Alq was heated and vacuum evaporated, to obtain the film thickness of 20 nm. The vacuum 
evaporation rates were from 0. 1 to 0.2 nm/sec. 

40 Thereafter, the pressure in the vacuum tank was decreased to 2 X lO^Pa, then magnesium was vacuum evapo- 

rated at the vacuum evaporation rate of from 1 .2 to 2.4 nm/sec. from a graphite crucible and simultaneously silver was 
vacuum evaporated at the vacuum evaporation rate of from 0.1 to 0.2 nm/sec. from an another crucible. Under the 
conditions described above, a mixed metallic electrode of magnesium and silver was laminated at 200 nm on a lumi- 
nescent layer by vacuum evaporation to obtain a reference electrode, from which an element is formed. 

45 Once direct voltage was applied to the obtained element by using the ITO electrode as an anode and the mixed 

electrode of magnesium and silver as a cathode, electric current was flown to obtain reddish orange luminescence. 

Application Example 27 

so The transparent supporting substrate used in Example 4 was fixed to a commercially available spinner (made by 

Kyoei Semiconductor Kabushiki Kaisha), and coated with a solution of 50 parts by weight of polyvinyl carbazole and 
50 parts by weight of 9,9' -silaspirobifluorene in 1 ,2-dichloroethane at 5000 rpm. Thereafter, this substrate was dried 
at 50°C under a decreased pressure of 10" 1 Pa and then fixed to a holder of the vacuum evaporator. 

Thereafter, the pressure in the vacuum tank was decreased to 2 x 10 -4 Pa, then magnesium was vacuum evap- 

55 orated at the vacuum evaporation rate of from 1.2 to.2.4 nm/sec. from a graphite crucible and simultaneously silver 
was vacuum evaporated at the vacuum evaporation rate of from 0.1 to 0.2 nm/sec. from an another crucible. Under 
the conditions described above, a mixed metallic electrode of magnesium and silver was laminated at 200 nm on a 
luminescent layer by vacuum evaporation to obtain a reference electrode, from which an element is formed. 
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Once direct voltage of 14V was applied to the obtained element by using the I TO electrode as an anode and the 
mixed electrode of magnesium and silveras a cathode, electric current of about 300 mA/cm 2 was flown to obtain violet 
luminescence of about 20 cd/m 2 . 

s Application Example 28 ■ . ' • • 

An element was made by the similar method to Example 26 except that the. solution of 50 parts by. weight of. 
polyvinyl 1 carbazole and 60 parts by weight of 9,9' ^silaspirobifiuorene in 1-,2-dichloroethane used in Example 24 was 
substituted by a solution of 50 parts by weight of polyvinykcarbazole, 50 parts by weight of 9.9 1 -silaspirobifluorehe and 
10 1 part by weight of coumarin 6 (made by KOD AK) in 1 t 2Hdichloroethanei Once direct voltage was applied to the obtained 
element, electric current was flownto obtain green luminescence. 

Application Example 29 

is An. element was made by the similar method! to Example 28 except that coumarin 6 used therein was substituted 

by perylene. Once direct voltage was applied to the obtained element, electric current was flown to obtain blue lumi- 
nescence. 

Application Example. 30. ? . ■'■''■*". 

:• An element was made by the similar :method to Example 28 except that doumarin 6 used therein was : substituted 
by Nile Red. Once direct voltage was applied to the obtained element, electric current was. flown to obtain orange 
luminescence.. : : / \ • ■ • -. ■-: .. - • "• 

25 Application Example 31 : - '.- 

An element was made by the similar method to Example 17 except that DPVBi used therein; was substituted; by 
9, 9 r -silaspirobifluorene and APS used therein was substituted by Alq. Once direct voltage of 12 V was.applied to the 
obtained elem ent, electric current of about 300 mA/cm 2 was flown to obtain violet luminescence of about: 1*200 cd/m 2 -: 
30 Luminescent spectra were completely agreed! with: fluorescent spectra of TPD. vacuum evaporated film, and lumines- 
cent wavelength was. 405 nm. > .... • 

Application^ Example 32 / * ; : . •;■ - - a - - 3 .-. «•""-. 

$s The transparent supporting substrate used! In Example 4 was fixed to $ substrate holder of a commercially available 

vacutfmi evaporator,, 40) parts by/ weightof TPD wasacfciedJ into a quate- cnjclbte,, 60) ports, of APS was added Irfto an 
ajiother crucible,- 1 part of ooumarin 6 was added into an another crucible, and then a pressure iti a vacuum tank was 
decreased to 1 X DO* 4 Pa \= V-':' ' ; 

' The crucibles were heated and vacuum evaporated 1 , to obtaihtheff \m Mcfotessof 1 OOnrru The vacuum) Evaporation 
40 rates were pom t M t& nm/secv - , 

Thereafter, the pressure in the vacuum tank was, decreased to 2 X 10-* Pa;then ma^neerumi was vacuum evap- 
orated at the vacuum evaporation) rale of from i.2 to 2.4 nrrvseo. from a graphite crucible and simultaneously Silver 
was vacuum) evaporated at the vacuum evaporation) rate of from 0.1 to 0.2 nm/sec. from an another crucible. Under 
the conditions described! above, a mixed metallic electrode of magnesium and silver was laminated at 200' nm on a 
45 luminescent layer by vacuum evaporation to obtain a reference electrode, from which: an element is formed. 

: Once direct voltage was applied to the obtained element by using the ITO electrode ds an anode and the^ mixed 
electrode of magnesium and silver as a cathode, electric current, was flown; to obtain green luminescence. 

Application Example 33 

An element was made by the similar method to Example* 3 7- except that APS used therein was substituted by 
t.l ^iintethy^ Ohoe direct voltage of 4.5 V was applied to the ob- 

tained element, electric cur^ Maximum 
luminescence of the. element was above 6000 ocMn 2 . 

ss . .. ■ • . :: . .-. : . , - • . ■. * 

Application Example 34 . 

An element was made by the similar method to Example 17 except that DPVBi used therein was substituted by 
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Alq. Once direct voltage of 3 V was applied to the obtained element, electric current ot about 1 mA/cm 2 was flown to 
obtain blue luminescence of about 20 cd/m 2 . Maximum luminescence of the element was above 13000 cd/m 2 

[Effect of the Invention] 

5 

The compounds according to the invention are useful as electron-transporting materials for organic EL elements 
or electrophotography due to superior electron-transporting ability. In the case of using them as organic EL elements, 
they can emit luminescence with high luminance at a low voltage and have high practical values compared to the 
elements in which conventional electron -transporting materials being used. By using them, luminescent elements hav- 
10 ing high efficiency such as full color displays etc. can be made. 

The organic electroluminescent elements according to the invention can emit luminescence with high luminance 

at a low voltage and have high practical values, since they use silacyclopentadiene derivatives which are superior in 
electron -trans porting ability. By using them, luminescent elements having high efficiency such as full color flat panel 
displays etc. can be made. 
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Claims 

1. A silacyclopentadiene derivative expressed by the following formula I 




.... (I) 



(wherein X and Y denote independently each other saturated or unsaturated hydrocarbon groups with from 1 to 

30 6 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals 

or substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or 
unsaturated ring, and from to R 4 denote independently each other hydrogen, halogens, substituted or unsub- 
stituted alkyl radicals with from 1 to 6 carbon atoms, alkoxy radicals, aryloxy radicals, perfluoroalkyl radicals, per- 
fluoroalkoxy radicals, amino radicals, alkylcarbonyl radicals, arylcarbonyl radicals, alkoxycarbonyl radicals, ary- 

35 loxycarbonyl radicals, azo radical, alkylcarbonyloxy radicals, arylcarbonyloxy radicals, alkoxy carbonyloxy radicals, 

aryloxycarbonyloxy radicals, sulfinyl radical, sulfonyl radical, sulfanyl radical, silyl radical, carbamoyl radical, aryl 
radicals, heterocyclic radicals, alkenyl radicals, alkynyl radicals, nitro radical, formyl radical, nitroso radical, formy- 
ioxy radical, isocyano radical, cyanate radical, isocyanate radical, thiocyanate radical, isothiocyanate radical or 
cyano radical, or they may form a structure of a substituted or unsubstituted condensed ring if they are adjacent, 

40 with the proviso that in the case of R 1 and R4 being phenyl radicals, X and Y are not alkyl radicals or phenyl radicals; 

in the case of R 1 and R 4 being thienyl radicals, X and Y are not monovalent hydrocarbons simultaneousy, and R 2 
and R 3 are not alkyl radicals, aryl radicals, alkenyl radicals or R 2 and R 3 are not aliphatic radicals to form a ring 
simultaneously; in the case of R 1 and R4 being silyl radicals, R 2 , R 3 , Xand Y are independent each other and are 
not monovalent hydrocarbon radicals with from 1 to 6 carbon atoms or hydrogen atom; and in the case of R, and 

45 R 2 being condensed to form a benzene ring, X and Y are not alkyl radicals and phenyl radicals). 

2. A silacyclopentadiene derivative expressed by the following formula II 




(n) 



(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 
6 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals 
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or substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or 
unsaturated ring; -and from R s to.R 8 denote independently each other hydrogen, fluorine, chlorine;, substituted or 
unsubstituted alky! radicals with from 1 to 6 carbon atoms, alkoxy radicals, perfluoroalkyl radicals, perfluoroalkoxy 
radicals, dialkylamino radicals, diarylamiho radicals, silyl radical, aryli radicals, heterocyclic radicals or cyano rad- 

s leal,, or they may form a structure of a substituted or unsubstituted condensed ring If they are adjacent, with the 

proviso that in the case of Rg and Rg beingi phenyl radicals, X and * are not alky I radicals and: phenyli radlcasls; 
In the case of H s and; Rq; being, thienyl radicals, X and Y are not monovalent hydrocarbons simuitaneousy, and Rg 
and R7 are not aikyl radicals, aryl radicals or- alkenyl radicals or Rg and R7 are not aliphatic radicals to Torma ring 
simultaneously; in the case of R^ and R 8 being silyl radicals, Rg, X and Y are [ndependent each other and are 

10 not -monovalent hydrocarbon radicals with from 1 to 6 carbon atoms or hydrogen atom; and In- the. case of Rs.and 

R e being condensed to form a benzene ring, X and Y are not alky I radicals and phenyl! radicals and halogens). 

3. A silacycloperitadiene derivative expressed by the following formula III 

Ruv Rio 

20 JSi^ 



(wherein, Z and W denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 
.6 carbon atoms, substituted or. unsubstituted aryli radicals or substituted or. unsubstituted heterocycles, or Z andi 

2s w are bonded together to form a structure of a saturated or unsaturated: ring, and from R9 to R 12 denote inde- 

pendently each other substituted: or unsubstituted! alky! radicals with from 1 to 6 carbon atoms, perfluoroalkyl rad- 
icals, diaryfaniino radicals, silyl radical, aryl radicals or heterocyclic radicals, or they may form a structure of a 
. substituted or unsubstituted condensed ring if< they are adjacent, with the proviso that in the case of Rg and R 12 
being phenyl 1 radicals; Zand W are not alkyi radicals and phenyl radlcasls; in the case of Rg arid R 12 being thiehyl 

30 radicals; 2 and W are not monovalent hydrocarbons simultanedusyand Rfo and R^ are. not alky I* radicals or aryli 

radicals or R 10 and R t1 axe not aliphatic radicals to form a ring simultaneously; in the case of Ffe and; R 12 ; being 
silyl radicals* R t Q, R^Z.and SN are independent each other and: are not mortovalertt hydrocarbon, radicals with 
f roth' li to 6 carbon atoms or hydrogen atom; and In the case of Rg r andi R-jg being condensed to form a benzene 

40 ^ rO< - ; . . \ f . *- (TV) 




(wherein, A denotes a zinc halide or a zinc halide complex, X and Y denote independently each other saturated: 
or unsaturated hydrocarbon radicals with from 1 to 6 carbor+atoms, alkoxy radicais^alkenyloxy radicals, alkynyloxy - 
radicals, substituted or. unsubstituted aryl radicals or substituted! or unsubstituted heterocycles, or X and Y are 
bonded' together to form a structure of a saturated or unsaturated ring, and R, and R 2 denote independently each 

50 other hydrogen, halogens, substituted or unsubstituted alkyl radicals with from 1 to 6 carbon atoms, alkoxy radicals, 

aryloxy radicals, perfluoroalkyll radicals, perfluoroalkoxy- radicals, amino radical, alkyicarbonyl radicals, arylcarbo- 
nyf radicals, alkoxycarbonyl radicals, aryloxycarbonyl radicals, azo radical, alkylcarbonyldxy radicals, arylcarbo- - 
nyioxy radicals, aikoxycarbonyloxy radicals, aryloxycarbonyloxy radicals, alkoxycarbonyloxy radicals, aryloxycar- 
bonyloxy radicals,, sulfiny I radical, sulfonyl radical, sulfanil radical, silyl radical, carbamoyl radical, aryl radicals, 

ss heterocyclic radicals, alkenyl radicals, alkynyl radicals, nitro radical, formyl radical, nltroso radical, formyloxy rad- 

ical, isocyano radical, cyanate radical isocyanate radical, thiocyanate -radical, isothiocyanate radical or cyano 
radical, or a structure of a substituted or unsubstituted condensed ring). 
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5. A silacyclopentadiene derivative expressed by the following formula V 



5 




(wherein, A denotes a zinc halide or a zinc halide complex, X and Y denote independently each other saturated 

or unsaturated hydrocarbon radicals with from 1 to 6 carbon atoms, alkoxy radicals, alkenyloxy radicals, akynyloxy 
radicals, substituted or unsubstituted aryl radicals or substituted or unsubstituted heterocycles, or X and Y are 
bonded together to form a structure of a saturated or unsaturated ring, and R 3 and R 4 denote independently each 

is other hydrogen, fluorine, chlorine, substituted or unsubstituted alkyl radicals with from 1 to 6 carbon atoms, alkoxy 

radicals, perfluoroalkyl radicals, perfluoroalkoxy radicals, dialkylamino radicals, diarylamino radicals, silyl radical, 
aryl radicals, heterocyclic radicals or cyano radical, or they may form a structure of a substituted or unsubstituted 
condensed ring). 



20 6. A silacyclopentadiene derivative expressed by the following formula VI 



25 




■■■ (VI) 



30 (wherein, A denotes a zinc halide or a zinc halide complex, X and Y denote independently each other saturated 

or unsaturated hydrocarbon radicals with from 1 to 6 carbon atoms, substituted or unsubstituted aryl radicals or 
substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or 
unsaturated ring, and from R 5 and denote independently each other substituted or unsubstituted alkyl radicals 
with from 1 to 6 carbon atoms, perfluoroalkyl radicals, diarylamino radicals, silyl radical, aryl radicals or heterocyclic 

35 radicals, or they may form a structure of a substituted or unsubstituted condensed ring). 

7. A process for preparing a silacyclopentadiene derivative according to Claim 4, characterized in that an acetylene 
derivative expressed by the following formula VII: 

40 

R 2x R, 

- (vn) 

45- 




(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 
so 6 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals 

or substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or 
unsaturated ring, and and R 2 denote independently each other hydrogen, halogens, substituted or unsubstituted 
alkyl radicals with from 1 to 6 carbon atoms, alkoxy radicals, aryloxy radicals, perfluoroalkyl radicals, perfluoro- 
alkoxy radicals, amino radical, alkylcarbonyl radicals, arylcarbonyl radicals, alkoxycarbonyl radicals, aryloxycarb- 
S5 onyl radicals, azo radical, alkylcarbonyloxy radicals, arylcarbonyloxy radicals, alkoxy carbonyloxy radicals, aryloxy- 

carbonyloxy radicals, sulfinyl radical sulfonyl radical, sulfanil radical, silyl radical, carbamoyl radical, aryl radicals, 
heterocyclic radicals, alkenyl radicals, alkynyl radicals, nitro radical, formyl radical, nitroso radical, formyloxy rad- 
ical, isocyano radical, cyanate radical, isocyanate radical, thiocyanate radical, isothiocyanate radical, cyano rad- 
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ical, or a structure of a substituted or urisubstitiited condensed ring) - 

Is* reacted with an alkali metal complex, then with a silane derivative expressed by the following formula VIM: 

6 Z x s Cl 

>( (VIE) 
X Y 

10 (wherein, X, Y arid Z denote independently tertiary butyl radicals or aryi radicails), and. thereafter with zinc chloride 

orazincohloride'complex. . ; 

8. A process for preparing a silacyclopentadiene derivative according tb Claim 5, characterized in that an acetylene 
derivative expressed by the following formula IX: 



20 



45 



60 




- (DO 



(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 
& 6 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, substituted or unsubstituted aryl radicals 

or substituted or unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or 
unsaturated ring, and R 3 and R4 denote independently each other hydrogen, fluorine, chlorine, substituted or 
unsubstituted alkyl radicals with from i to 6 carbon atoms, alkoxy radicals, perfluoroalkyl radicals; perfluoroalkoxy 
• radicals, dialkylamino radicals, diary iamino radicals, sllyl radical, aryl radicals, heterocyclic radicals, cyano radical 
*>' or.astmcture of a substituted or unsubstrtut ' . 

: is reacted with an alkalf metal cortex,; then with a silane derivative expressed by the following formula X: 

J ' : " ■ \ f " " 1 : €1* -v -: ;V : , . ;.; - \-, \ , ... ■ . 

' v :■' . x- s v . , . .7 

(wherein, X, Y and! Z denote independently tertiary butyl radicals or aryl radicals), and thereafter furthermore with 
40 zinc chloride or a zinc chloride complex. 

.. A process for preparing, a silaoyctopentadiene derivative according to Claim 6, characterized! in that an aceiylene 
deriyative expressed by the following formula XI: 




(XI) 



(wherein, A denotes a zinc halide or a zinc hallde corhplex, X and Y denote independently each other saturated 
or unsaturated hydrocarbon radicals with from 1 to 6 carbon, atoms, substituted or unsubstitutedi aryl radicals or 
s& substitutedi or- unsubstituted heterocycles, or X and Y are bonded together to form a structure of a saturated or 

unsaturated ring, and from R 5 and Re denote independently each other substituted or unsubstitutedi alkyl radicals 
with from I to 6 carbon atoms, perfluoroalkyli radicals, diarylaminb radicals, sllyl radical, aryl radicals or heterocyclic 
radicals, or they may form a structure of a substituted or unsubstituted condensed ring) 
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is reacted with an alkali metal complex, then with a silane derivative expressed by the following formula X: 



Si 



(X) 



(wherein, X, Y and Z denote independently tertiary butyl radicals or aryl radicals), and thereafter furthermore with 
10 zinc chloride or a zinc chloride complex. 

10. A process for preparing a silacyclopentadiene derivative, characterized in that a silacyclopentadiene derivative 
according to Claim 7 is reacted with a halide expressed by the following formula XII: 



15 



25 



LX (XII) 



(wherein, X represents chlorine, bromine or iodine, and L denotes a halogen; a saturated or unsaturated hydro- 
carbon radical with from 1 to 6 carbon atoms, a perfiuoroalky! radical, an alkylcarbonyl radical, an arylcarbonyl 
20 radical an alkoxycarbonyl radical, an aryloxy carbonyl radical, a sulfinyl radical, a sulfonyl radical, a sulfanil radical, 

a silyl radical, an aryl radical, a heterocyclic radical, an alkenyl radical or an alkynyl). 

11. A process for preparing a silacyclopentadiene derivative, characterized in that a silacyclopentadiene derivative 
according to Claim 8 is reacted with a halide expressed by the following formula XIII: 



MX (XIII) 



(wherein, X represents chlorine, bromine or iodine, and M denotes fluorine, chlorine, a saturated or unsaturated 
30 hydrocarbon radical with from 1 to 6 carbon atoms, a perfluoroalkyl radical, a silyl radical, an aryl radical or a 

heterocyclic radical). 

12. A process for preparing a silacyclopentadiene derivative, characterized in that a silacyclopentadiene derivative 
according to Claim 9 is reacted with a halide expressed by the following formula XIV: 

35 

NX- (XIV) 

(wherein, X represents chlorine, bromine or iodine, and N denotes a saturated or unsaturated hydrocarbon radical 
40 with from 1 to 6 carbon atoms, a perfluoroalkyl radical, a silyl radical, an aryl radical or a heterocyclic radical). 

13. An electroluminescent element obtained by using silacyclopentadiene derivatives expressed by the formula XV 



(wherein, X and Y denote independently each other saturated or unsaturated hydrocarbon radicals with from 1 to 
6 carbon atoms, alkoxy radicals, alkenyloxy radicals, alkynyloxy radicals, hydroxy radical, substituted or unsub- 
stituted aryl radicals, or substituted or unsubstituted heterocycles, or X and Y are bonded together to form a struc- 
S5 ture of a saturated or unsaturated ring, and from Ft, to R 4 denote independently each other hydrogen, halogens, 

substituted or unsubstituted alkyl radicals with from 1 to 6 carbon atoms, alkoxy radicals, aryloxy radicals, per- 
fluoroalkyl radicals, perfluoroalkoxy radicals, amino radicals, alkylcarbonyl radicals, arylcarbonyl radicals, alkoxy- 
carbonyl radicals, aryloxycarbonyl radicals, azo radical, alkylcarbonyloxy radicals, arylcarbonyloxy radicals, alkox- 
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ycarbonyloxy radicals, arytoxycarbonyloxy radicals, sulfinyl radical; sulfonyl radical, sulfanil radical, silyl radical, 
carbamoyl radical, aryl radicals, hetrocyciic radfcals (! alkenyl radicals, alky ny I radicals, nitro radical, formyl radical, 
nitroso radical, fonmyloxy radical, isccyano radical, cyanate radical, isocyanate radical, thiocyanate radical 1 , isothi- 
ocyanate radical or cyano radical or substituted or unsubstituted condensed rings in the case of being adjacent). 

S . 

1 4. . An electroluminescent element characterized In that at least one silacyclopentadiene derivative according to Claim 
1 3 Is used as a component of a charge carrier transporting layer. 

15. An electroluminescent element characterized in that at least one silacyclopentadiene derivative according to Claim 
10 13 is used as a component of a luminescent layer. \ « 

1 6, An electrpluminescerit element characterized in that at least one silacyclopentadiene derivative according to Claim 
13 is used as a component of a hole-obstructing layer. 

is 1 7. An electroluminescent eJement characterized! In that a silacyclopentadiene derivative expressed by the formula XVI 



20 



2S 



so 



ss 




(XVI) 



(wherein, X and Y denote independently each other saturated -or unsaturated hydrocarbon radicals with from- 1 to 
6 carbon atoms, alkoxy radicals, alkenybxy radicals, alkynyioxy radicals, substituted or unsubstituted aryl radicaJ6 f ; 
or substituted or unsubstituted heterocycles, and from R T to denote independently each other hydrogen, ftal- 

& ogens, substituted or unsubstituted alky I radicate with from 1 :to 6 carbon" atoms, alkoxy radicals, perfluoroalKyl 

radicals, perfluproalkoxy radicals, amino, radical, alkylcarboriy I radicals, alkoxycarbonyl radicals, formyl radical, 
nitroso radical, azo radical, alky Icarbonyloxy radicals, alkaxycarbdnyloxy radicals, formyloxy radicals, sulfinyl rad- 
• icaiL stiilf onyf radical 1 ^ sulfanil radical', silyii radical* isccyano radical,, carbamoyl radical, cyanate radical, isocyanate « 
' radical,; thfocyanafe* radical; fsothiocyanate radfcaf; aryfradfcafs, aJkenyt radicals, afkynyl mdieate crcyan'o radical 

& or substituted or unsubstituted cxxitfeYieect rings in the case of being adjacent): is used as a component at a hole- 

obstructing layer. ■ ' : ' . , ^ . 
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(wherein X and Y are independently hydrocarbon radicals with from 1 to 6 atoms and Ft, to R4 are hydrogen, halogens, 
alkyl radicals with from 1 to 6 carbon atoms, or a condensed (un)substituted ring if being adjacent). 
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